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U.  8.  Coast  akj>  Geodetic  Survey  Report  for  1892.— Part  n. 


PREFATORY   NOTE. 

The  text  of  thiB  Beport  for  the  fiscal  year  1892  has  been  arranged  for  publication 
in  two  parts,  like  that  for  the  fiscal  year  preceding. 

Part  I,  in  quarto  form,  contains  the  historical  portion,  presenting  reports  of  prog- 
ress in  the  field  and  office  operations  of  the  Survey ;  estimates  for  future  progress, 
mad  statements  of  expenditures  during  the  fiscal  year.  Maps  of  general  progress,  and 
sketches  showing  localities  of  field  work,  exhibit  graphically  the  advance  of  the 
Survey  to  June  30,  1882. 

Part  II,  it  will  be  observed,  is  in  octavo,  and  includes  the  professional  papers 
relating  to  the  methods,  discussions,  and  results  of  the  Survey  which  have  been 
approved  for  pu  blication  during  the  year.  Such  illustrations  as  are  needed  accom- 
pany them. 

The  octavo  form  is  more  convenient  and  suitable  for  the  scientific  and  professional 
pttpers,  while  the  quarto  form  appears  to  be  demanded  for  the  statistical  matter  and 
the  progress  sketches.  Since  the  latter  are  of  less  general  interest  than  the  former, 
in  the  future  distribution  of  the  Report,  Part  II  only  will  be  sent,  as  it  is  believed 
that  this  will  include  all  that  is  generally  desired,  and  in  a  much  more  compact  and 
convenient  form  than  that  of  the  old  quarto. 

In  special  cases,  where  both  parts  are  desirable,  they  will  be  sent. 

T.  C.  MSNDENHAIX, 

Superintendent, 
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APPENDIX  NO.  1—1892. 


ONTHE  yAKIATION  OF  LATITUDE  AT  ROCKVILLE,  MD.,  AS  DETERMINED 
FROM  OBSERVATIONS  MADE  IN  1891  AND  1892  IN  COOPERATION  WITH 
THE  INTERNATIONAL  GEODETIC  ASSOCIATION. 


Sabmitted  for  publication  October  14,  1893. 


PREFATORY  NOTE. 

The  Coast  and  G-eodetic  Survey  having  andertaken  to  coSperato 
with  the  International  Geodetic  Ansociation  in  the  observations  for 
variation  of  latitnde  at  Waikiki,  near  HonohiUi,  it  seemed  important 
to  have  determinations  of  latitnde  at  points  intermediate  between  that 
point  and  Berlin. 

Washington,  being  nearly  six  hours  west  of  Berlin  in  longitude,  and 
in  latitude  nearly  midway  between  Berlin  and  Waikiki,  was  geographic- 
ally well  placed  for  observations  which  would  check  those  regularly 
made  at  these  two  stations.  Still  further  light  would  be  thrown  upon 
the  saspecte<l  progressive  change  in  the  position  of  the  axis  of  rotation 
of  the  earth  by  a  series  *of  observations  at  San  Francisco,  nearly  mid- 
way between  Washington  and  Waikiki.  The  verification  of  the  move- 
ment'by  these  observations  would  remove  all  doubt  as  to  its  reality, 
and  it  was  accordingly  determined  to  do  the  best  that  could  be  done 
under  the  circumstances  in  the  way  of  making  observations  for  latitnde 
as  frequently  as  possible  throughout  a  year  at  both  of  these  points. 

Other  demands  of  the  service  forbade  the  detailing  of  one  or  more 
assistants  to  this  duty  alone.  It  was  necessary  to  do  it,  if  it  was  to  be 
done  at  all,  in  addition  to  other  regular  work,  and  it  therefore  became, 
in  a  large  degree,  a  voluntary  service.  Assistant  George  Davidson, 
in  charge  of  the  Sub-office  at  San  Francisco,  in  carrying  on  the  work 
there  was  much  interrupted  by  necessary  attention  to  office  and  field 
duties.  In  Washington  the  task  was  voluntarily  assumed  by  Assistant 
Edwin  Smith  in  addition  to  his  regular  duties  as  chief  of  the  Instru- 
ment Division.  The  latter  required  his  presence  in  the  office  during 
the  day  and  necessitated  a  journey  of  IG  miles  in  the  morning  and 
again  in  the  evening,  to  his  home  in  Rockville,  where  the  temporary 
observatory  was  located.     ^ 

In  considering  the  results  herewith  submitted,  the  above  facts  must 
not  be  lost  sight  of,  and  it  must  be  remembered  that  the  work  at  the 
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stations  in'the  United  States  was  undertaken  primarily  as  a  check  upon 
the  more  careful  and  systematic  investigation  in  progress  at  Berlin,  and 
by  Assistant  Preston  and  Dr.  Marcuse  at  Waikiki. 

This  paper  contains  the  observations  made  at  Bockville,  and  tlie 
reduction  and  computation  of  the  results.  An  abstract  of  it  wa,^  pub- 
lished in  l^ovember,  1892,  as  Bulletin  No.  25. 

The  instrumental  methods  and  scheme  of  observing  have  been 
described  by  Mr.  Smith,  and  the  description  of  the  method  of  reduction 
and  the  discussion  of  the  results  was  prepared  by  Mr.  Charles  A. 
Schott,  Assistant  in  charge  of  the  Computing  Division  of  the  office, 
under  whose  direction  the  computations  were  made. 

Mr.  Preston's  report  of  his  observations  and  results  at  Waikiki  is 

published  as  Appendix  I^o.  2, 1892. 

T.  0.  Meisdenhaj^l, 

Superintendent 


I.— DESCRIPTION  OF  THE  STATION,  INSTRUMENTS  AND  METHODS 
OP  OBSERVING  BY  EDWIN  SMITH,  ASSISTANT  U.  S.  COAST 
AND  GEODETIC  SURVEY,  AND  OBSERVER  AT  ROCKVILLB. 

In  conformity  with  the  instructions  of  the  Superintendent,  dated 
March  25, 1891,  the  scheme  adopted  for  the  Rockville  station  was  as 
follows:  Eighty-eight  pairs  of  stars  were  selected  from  the  Coast  and 
Geodetic  Survey  Catalogue  of  Stars  for  Observations  of  Latitude, 
Appendix  l^o.  7,  Report  for  1876,  extending  over  the  twenty-four  hours 
of  right  ascension  and  arranged  in  fifteen  groups,  which  were  observed 
as  follows : 


* 

Group. 

Nos. 

of  pairs. 

I 

I  to  i6 

2 

5  to  19 

3 
4 
5 

9  to  24 
14  to  28 

20  to  35 

6 

26  to  40 

7 

34  to  48 

8 

41  to  55 

9 

10 

47  to  61 
54  to  65 

II 

12 

13 
H 

77 

59  to  70 

66  to  77 

71  to  82 

to  88  and  i 

15 

83  to  88  and  i  to  8 

Dates  of  observations. 


June  13,  15,  1891,  and  June  2,  6,  ii,  12, 13, 15, 16, 17, 

20,23,25,26,29,1892. 
June  23, 24,  25,  27,  July  5, 6, 1891,  and  June  11, 12, 20, 

23,  29,  July  7, 8, 9, 1892. 
July  9, 10,  12,  21,  22,  27,  29, 1891. 
July  31,  August  7,9, 10,  II,  14, 15,  22, 1891. 
August  15, 17,  September  i,  3,  7,  9,  10,  12,  13,  14,  15, 

17, 1891. 

September  10, 12, 14,  17,  18,  19,  21,23,  24,  25^  26,  28, 

30,  October  3,  5, 9, 14, 15, 16,  17, 1891. 
October  22,  23,  24,  28,  29,  30,  November  I,  2,  6,  7,  9, 

1891. 
November  17,  18,  20,  23, 24,  29,  30,  December  1,4,  5, 

1 891. 
December  8, 9, 10, 13, 18,  28, 31, 1891. 
January  7, 8, 16,  20,  21,  24,  25,  28, 1892. 

January  31,  February  10, 13, 15, 17, 1892. 

March  10,  12, 14, 16, 19,  20,  21,  23,  24, 1892. 

March  28,  29,  April  4, 9,  ii,  12, 13,  1892. 

April  16, 19,  23,  26,  27,  29,  30,  May  i,  3,  4,  5,  7,  8,  9, 

1892. 
May  16, 17, 19,  23,  24, 25,  28, 30,  June  i,  1892. 
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On  the  variation  of  latitude  at  BockviUej  Md,    * 

The  large  number  of  groups  is  considered  the  weakest  point  in  this 
series  of  observations.  The  conditions  under  which  the  work  was 
doDe  will  readily  explain  why  it  would  have  been  impossible  to  have 
limited  the  number  of  groups.  It  is  to  be  regretted  that  the  hours  of 
observation  were  so  limited,  but  to  have  extended  them  to  two  or  three 
o'clock  in  the  morning  would  have  been  fatal  to  the  performance  of  the 
observer's  daties  at  the  office.  The  groups  could  have  been  limited  to 
a  small  number  only  by  so  extending  the  hours  of  observation. 

The  observer  has  had  little  assistance  in  this  work.  With  the  aid 
of  Mr.  Frank  A.  Cook,  the  clerk  of  the  Instrument  Division,  the  stars 
^ere  selected  and  the  groups  arranged  only  a  few  days  before  the 
observations  were  actually  begun.  Mr.  Cook,  kindly  volunteered  to 
assist  even  after  office  hours,  and  with  his  help  an  effort  was  made  to 
keep  up  the  computations  as  the  observations  progressed ;  but  this 
was  soon  iound  impracticable  and  the  effort  was  abandoned.  Thii} 
part  of  the  work  was  then  referred  by  the  Superintendent  to  the  Com- 
puting Division  of  the  Coast  and  Geodetic  Survey  Office,  where  the 
computations  have  been  personally  made  by  the  chief  of  that  Division, 
assisted  by  Messrs.  Alexander  Bonnot  and  Legh  W.  Beid,  who  were 
specially  employed  for  the  purxK>8e. 

DESCRIPTION  OP  STATION. 

The  town  of  Rockville  is  located  on  the  Metropolitan  Branch  of  the 
Baltimore  &  Ohio  Kailroad,  about  16^  miles  from  Washington,  D.  C, 
in  Montgomery  County,  Maryland. 

The  latitude  station  is  located  in  the  garden  of  the  observer's  resi- 
dence on  Forest  avenue  about  1  mile  by  the  direct  road  from  the  rail- 
road depot,  but  somewhat  less  than  half  a  mile  from  the  nearest  point 
of  the  railroad.  The  station  is  about  500  feet  above  tide  water,  on  one 
of  the  highest  points*  within-a  radius  of  about  2  miles.  The  immediate 
vicinity  is  free  from  trees  and  other  disturbing  atmospheric  influences, 
and  altogether  can  be  considered  a  very  favorable  location  for  such 
observations.  The  sketch  shows  the  location  of  the  observatory  in 
the  garden. 

The  pier  upon  which  the  zenith  telescope  is  mounted  is  built  of  rough 
sandstone  and  cement^  and  its  foundation  is  solid  quartz  rock.  A 
ledge  of  this  rock  runs  through  the  garden  in  a  direction  SW.  to  NE., 
and  comes  above  the  surface  of  the  ground  at  several  places.  At  the 
point  where  the  pier  is  built  the  rock  is  about  2  feet  below  the  surface. 
The  pier  has  proved  a  very  steady  one.  Throughout  the  thirteen 
months  of  observation  the  instrument  required  no  adjustment  in 
azimuth  except  when  intentionally  disturbed.  The  changes  of  level 
were  slight  and  due  more  to  temperature  than  to  any.other  cause.  The 
jjier  is  0'61  metre  square,  and  the  top  0-99  metre  above  the  ground.  At 
adist^ince  of  1*98  metres  north  of  this  pier  is  another  pier  of  th.e  %a\nA 
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material,  only  one-half  of  which  rests  apou  the  solid  rock.  Upon  this 
pier  is  moanted  the  transit  instriuneiit.  As  might  be  expected  this 
pier  is  not  as  stable  as  the  other,  bat  serves  its  purpose  very  well. 

Over  the  piers  is  bailt  a  wooden  observatory  3-66  metres  by  4-26 
metres,  divided  into  two  rooms  4-26  metres  by  2-44  metres  and  4-26 
metres  by  1-22  metres,  respectively,  the  smaller  room  being  nsed  as  a 
recording  and  waiting  room  and  the  larger  the  observing  room.  By  a 
system  of  ventilation  under  the  eaves  and  at  the  peaks  of  the  gables  of 
the  roof,  an  excessive  rise  of  temperature  is  avoided.  The  width  of  the 
slit  in  the  roof  is  38  centimetres.  The  exterior  of  the  building  is  painted 
a  very  light  color,  almost  white.    The  zenith  telescope  pier  is  covered 


Sketch,  of  Garden;  shomn^  toeatitm-  of  Observatory. 

by  a  wooden  case  resting  upon  the  door  of  the  observatory  free  from 
any  contact  with  the  pier. 

In  the  spring  of  1892  this  station  was  connected  with  the  main 
triangulatiou  of  the  Coast  and  Geodetic  Survey,  as  shown  in  illustration 
Ko.  1  and  the  geodetic  position  of  the  zenith  telescope  pier  was  found 
to  lie  as  follows: 

Latitude    =39°    05'     ll"-2t 

Longitude  =77°    09'    36"-6.'i 

INSTEUMENTS, 

Zenith  telescope  No.  4;  tranBitNo.5;  sidereal  break  circuit  chronom- 
cterH  Negus  No.  15H9,  Huttou  No.  220,  and  Button  No.  202;  cylinder 
chronograph^  electric  lamps,  batteries,  etc.;  Centigrade  therniometera 
Mus.  0287,  62SS,  and  6289;  mercurial  barometer  No.  17.'(5. 

Zenith  telcseoi>e  No.  4  (see  illustrations  Nos.  2  and  3)  was  originally 
madt^  by  Trungliton  &  Simnw  of  Ij<jndoii  in  1849.  Tli«  Coast  and  Geo- 
detic Survey  possesses  four  of  those  instruments,  known  as  Nos.  1,  2',  3, 
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and  4^  all  made  at  about  the  same  time.  In  their  original  form  they  had 
many  defects  and  gave  unsatisfactory  results,  and  for  some  years  past 
had  been  unused.  When  it  was  proposed  that  the  Coast  and  Geodetic 
Survey  should  take  part  in  these  researches  on  the  variations  of  lati- 
tude, in  cooperation  with  the  International  Geodetic  Association,  iio 
other  instruments  were  available,  and  it  was  decided  to  have  two  of 
these  remodeled  at  the  Survey  Office,  one  for  the  party  going  to  tlie 
Hawaiian  Islands  and  the  other  for  the  party  to  be  located  near  Wash- 
ington, D.  C.    No.  2  was  selected  for  the  former  and  No.  4  for  the  latter. 

Tlie  remodeling  of  these  instruments  was  done  in  the  shops  of  the 
lustrument  Division  of  the  Coast  and  Geodetic  Survey  Office,  and  every 
precaution  was  taken  to  make  them  as  perfect  a^  possible  under  the 
circumstances.    The  new  features  are  as  follows  for  each  instrument: 

New  base  and  leveling  screws 5  new  vertical  axis;  new  wyes  for 
horizontal  axis  of  telescope,  with  adjustment  for  level;  new  and  larger 
horizontal  axis  for  telescope;  new  micrometer  screw  and  reconstruc- 
tion of  micrometer  box  and  slide;  new  and  improved  clamp  to  tele- 
scope; two  new  fine  levels  attached  to  telescope;  new  stride  level  lor 
telescope  axis;  the  whole  instrument  repolished,  bronzed,  etc.:  electric 
lamps,  batteries,  etc.,  for  illumination  of  telescope  field,  the  reading  of 
levels,  etc. 

Owing  to  want  of  time.  No.  2  did  not  have  the  new  base  and  vertical 
axis.  This  id  very  much  to  be  regretted,  as  the  old  form  is  too  weak. 
In  every  other  respect  the  instruments  are  equal.  Though  these  in- 
struments are  by  no  means  such  as  would  have  been  selected  had  there 
been  time  to  purchase  or  construct  new  ones,  it  was  believed  they 
would  answer  the  purpose. 

The  optical  parts  are  those  originally  furnished  with  the  instrument. 
The  objective  has  a  clear  aperture  of  7-6  centimetres  and  a  focal  length 
of  116-6  centimetres.  The  glass  has  a  slight  green  color,  but  the 
images  of  the  stars  observed  were  bright  and  well  defined.  The  diag- 
onal eye-piece  gives  a  power  of  100.  It  gives  good  definition  only  very 
near  the  middle  of  the  field,  and  having  no 
parallactic  motion  in  right  ascension,  only 
three  good  pointings  could  be  made  on  a 
southern  star  while  crossing  the  field.  The 
micrometer  is  of  the  usual  form.  The  dia- 
gram shows  the  field  when  the  screw  and 
eye-i>iece  are  set  centrally.  Tlie  three  ver- 
tical lines  are  fixed  spider  webs  about  eight 
and  a  half  equatorial  sextonds  ai)art.  The 
three  horizontal  lines  are  spider  webs  fixed 
to  the  slide  moved  by  the  micrometer  screw 
at  distances  often  revolutions  of  the  screws. 
The  micrometer  is  so  arranged  tliat  if  taken 
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ax)art  the  bead  and  rack  can  be  replaced  so  as  to  have  the  same  relation 
to  each  other.  Increasing  readings  of  the  screw  indicate  increasing 
zenith  distances. 

The  two  levels  attached  to  the  telescope  were  selected  from  a  lot  pur- 
chased from  the  Keiiffel  &  Esser  Company  of  New  York  in  1889.  They 
were  made  By  Adolph  Pessler,  mechanician,  of  Freiburg,  iu  Saxony. 
These  levels  have  proved  very  satisfactory,  and'  it  is  doubtful  if  su- 
perior levels  can  be  obtained.  The  glass  tubes  are  150  millimetres 
long  and  18  millimetres  in  diameter.  They  have  a  chamber  at  one  end, 
by  which  the  length  of  the  bubble  can  be  controlled.  The  length  of  a 
division  is  2  millimetres.  As  viewed  upon  the  instrument,  the  gradu- 
ations are  from  left  to  right,  the  upper  level  scale  being  numbered 
from  0  to  50  and  the  lower  end  from  CO  to  110. 

Each  glass  tube  is  mounted  in  a  brass  tube,  in  which  it  rests  upon 
two  points  near  each  end,  and  is  held  in  place  by  a  light  spriug  above 
these  points  at  each  end.  Each  brass  tube  is  covered  by  a  glass  tube. 
The  two  levels  thus  mounted  are  attached  to  a  brass  arm  by  ball  and 
socket  joints  at  one  end  and  opposing  screws  at  the  other  end,  by 
which  the  two  levels  may  be  made  parallel  to  each  other.  The  levels 
are  mounted  upon  the  left-hand  side  of  the  telescope  and  when  point- 
ing north  the  scales  read,  from  north  to  south. 

The  illumination  of  the  field  is  by  a  small  mirror,  mounted  centrally 
in  the  horizontal  axis,  which  reflects  light  received  from  a  small  elec- 
tric lamp  through  one  end  of  the  axis. 

Transit  No.  6  is  also  an  instrument  made  by  Troughton  &  Simms  in 
1849,  and  remodeled  at  the  Coast  and  Geodetic  Survey  Office  in  1890. 
The  dimensions  and  power  of  the  telescope  are  about  the  same  a«  thos^e 
of  zenith  telescox)e  !No.  4.  The  pivots  are  so  nearly  equal  that  there 
is  no  appreciable  correction.  The  value  of  one  division  of  the  stride 
level  is  0*96  second.  A  similar  instrument  is  illustrated  in  the  Coast 
and  Geodetic  Survey  Report  for  1880,  Appendix  14.  This  instrument 
was  used  for  the  determination  of  the  corrections  to  the  chronometers 
and  also  as  a  collimator  for  the  adjustments  of  zenith  telescope 
No.  4. 

CONSTANTS  OF  ZENITH  TELESCOPE  NO.  4. 

Levels. — The  arc  values  and  errors  of  the  level  scales  were  determined 
and  investigated  at  the  Coast  and  Geodetic  Survey  Office  by  Mr.  E.  G. 
Fischer,  the  chief  instrument  maker  of  the  Coast  and  Geodetic  Survey 
instrument  shop,  in  May,  1891,  and  again  in  January,  1892,  at  high  and 
low  temperatures.  The  details  will  appear  with  the  report  of  the  chief 
of  the  Computing  Division  on  the  computations  and  results.  There  was 
found  to  be  no  appreciable  difference  of  value  for  change  of  tempera- 
ture, and  the  errors  of  different  parts  of  the  scales  are  so  small  that 
mean  values  are  used.    These  are  as  follows : 

Upper  level,  1  div.  =  1-600  seconds. 
Lower  level,  1  div.  =1-304  seconds. 
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Micrometer. — ^The  trae  distances  between  the  threads  of  the  microme- 
ter were  determined  by  pointin/^s  made  with  the  three  threads  upon  a 
small  speck  on  the  glass  diapiiragm  of  the  transit.  The  distances  were 
found  to  be  as  follows : 

Previous  to  June  13, 1892, 

lto2=   9-9418  revolutions; 

1  to  3  =  19-9763  revolutions; 

2  to  3  =  10-0345  revolutions; 

After  June  13, 1892, 

1  to  2  s  9-8900  revolutions. 

The  arc  value  of  the  screw  was  determined  and  its  errors  investi- 
gated by  observing  transits  of  a  Ursse  Minoris  and  A  Ursae  Minoris  at 
eastern  and  western  elongations,  only  that  part  of  the  screw  between 
20  and  40  revolutions  being  used.  Tbe  head  of  the  screw  was  set  suc- 
cessively at  0,  25,  50,  and  75  divisions  in  each  of  the  20  revolutions. 
The  observations  were  recorded  on  the  chonograph,  three  breaks  being 
made  at  each  transit,  the  mean  of  which  was  taken.  Thirteen  such  sets 
of  transits  were  observed  as  follows: 

June  8,  9,  and  10,  1891,  on  X  Ursae  Minoris  at  eastern  elongation. 
September  18,  19,  21,  23,  and  24,  1891,  on  a  Ursje  Minoris  at  eastern 
elongation.  January  27,  February  22  and  23,  and  March  3  and  9, 1892, 
on  a  Ursae  Minoris  at  western  elongation. 

These  observations  show  no  appreciable  periodic  errors  in  a  revolu- 
tion, but  there  is  an  appreciable  diflPerence  in  whole  revolutions  and 
also  an  appreciable  correction  for  temperature.  The  detailed  results 
will  appear  jn  the  report  of  the  chief  of  the  Computing  Division  on  the 
computations  and  results.  The  mean  arc  value  of  one  revolution  is 
44//.6(K)6  — 0*001150  t,  t  being  degrees  centigrade. 

Theequatorial  intervals  between  the  vertical  threads  were  determined 
August  6,  by  observations  of  transits  of  oo  Draconis,  (p  Draconis, 
tf^  Draconis,  and  y  Draconis  at  upper  culmination  to  b# 

I  to    II    =8-56  seconds; 
n  to  III    =8-84  seconds. 

METHOD  OP  OBSERVATIOW. 

The  collimation  of  the  zenith  telescope  was  frequently  examined  by 
poindings  on  the  middle  thread  of  the  transit,  the  zenith  telescope  being 
reversed  in  its  wyes.  No  re- adjustment  of  the  colli matiou  was  required 
up  to  November  18, 1891.  On  this  date  the  micrometer  box  had  to  be 
removed  and  was  replaced  the  same  day,  and  no  readjustment  has 
been  required  since. 

The  azimuth  of  the  zenith  telescope  when  pointing  north  wjis  fre- 
quently examined  by  pointings  upon  the  micrometer  thread  of  the 
transit  set  in  the  meridian,  and  when  pointing  S9uth  by  transits  of 
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standard  stars,  the  correction  to  the  clironometer  being  accurately 
known.  The  stops  required  no  readjustment  throughout  the  whole 
series  except  when  intentionally  removed  for  observing  for  value  of 
micrometer.  The  error  of  collimation  and  the  deviation  of  the  line  of 
collimation  from  the  meridian  have  not  exceeded  one  second  of  time 
throughout  the  series. 

It  was  intended  to  use  only  that  part  of  the  micrometer  screw  between 
20  and  40  revolutions,  30  revolutions  being  the  middle  of  the  Held.  All 
pointings  between  20  and  40  revolutions  were  to  be  made  with  thread 
2,  all  below  20  revolutions  With  thread  1,  and  all  above  40  revolutions 
with  thread  3  the  extreme  limits  being  10  to  50  revolutions,  so  the 
screw  would  have  been  moved  only  over  those  revolutions  between  20 
and  40.  This  scheme  was  carried  out  till  November  18,  when  thread  3 
was  found  to  be  slack.  It  was  on  this  date  that  the  micrometer  box 
was  removed  with  the  intention  of  putting  in  a  new  thread.  On  exam- 
ination at  the  office  a  new  thread  was  thought  unnecessary,  and  the 
micrometer  box  was  replaced  as  it  was.  Observations  the  same  night 
proved  thread  3  to  be  useless  and  it  was  abandoned,  thread  2  being 
used  in  its  place. 

In  the  beginning,  the  method  of  observation  and  record  usually 
adopted  in  the  Survey  was  followed — that  is,  a  single  pointing  was 
made  on  the  star  when  on  the  meridian,  and  a  single  reading  of  the 
levels  was  made  after  pointing  on  the  star.  Beginning  on  July  27, 
1891,  the  method  used  at  Berlin  1889-^90  was  followed  as  nearly  as 
practicable — ^that  is,  the  levels  were  read,  three  pointings  were  made 
on  the  star  near  the  three  vertical  threads,  and  the  levels  were  again 
read* 


Specimen  of  record. 

[Rockville,  Md.,  June  13, 1891.    Observer,  Edwin  Smith.] 
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Specimen  of  record, 

[Rockville,  Md.,  July  97, 1891.    Obsenrer,  Bdwin  Smith.] 
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Thermometer  Ko.  6288  was  liiiug  in  the  north  end  and  No.  6289  in 
the  south  end  of  the  observatory,  .and  No.  6287  in  the  open  air  on  the 
east  side  of  the  observatory.  The  barometer  was  hun^  in  the  observ- 
atory near  the  transit.  The  temperature  and  pressure  of  atmospliere, 
as  indicated  by  these  instruments,  were  noted  at  the  beginningi  the 
iniddl6|  and  the  end  of  each  night's  work. 
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U.   8.   COAST  AND   GEODETIC   SURVEY. 


Record  of  temperature  and  pressure  of  atmosphere  at  RocktUUj  Md.y 

.  during  observations  for  latitude. 


Thermometers. 

. 

Date. 

Ttn. 

"^ 

Barom. 

I  line. 

reduced  to 

• 

Outside. 

Inside  N. 

Inside  S. 

©•c. 

1891. 

h. 

m. 

C. 

C. 

C. 

fnm» 

June     13 

14 

00 

-f-20-2 

+21.8 

-I-22-0 

13 

17 

32 

i8-o 

188 

19*0 

35 

14 

00 

255 

25-0 

265 

15 

17 

32 

23- 1 

24*1 

24*0 

23 

14 

S8 

21-0 

22-5 

235 

23 

18 

20 

195 

21'5 

21*5 

24 

14 

58 

197 

230 

22-6' 

« 

24 

18 

00 

19-6 

2o*5 

2I-0 

25 

15 

56 

20-5 

235 

232 

25 

18 

00 

190 

21*5 

21*3 

27 

14 

58 

17-8 

19-2 

19-5 

27 

18 

20 

15-5 

-  16-4 

165 

July       5 

14 

58 

168 

19*0 

19-0 

5 

18 

20 

137 

i6-o 

i6-o 

6 

14 

58 

195 

231 

230 

6 

18 

15 

175 

19-5 

19s 

9 

15 

55 

167 

18*4 

i8-5 

10 

15 

55 

17-5 

20'0 

20'0 

10 

18 

25 

1 6*4 

175 

17-6 

10 

19 

56 

15*6 

17-0 

17*0 

12 

15 

55 

19-6 

223 

223 

12 

19 

56 

168 

i8-6 

i8-6 

21 

15 

55 

21*3 

238 

24.0 

21 

19 

55 

195 

2I-0 

21'0 

^ 

22 

15 

55 

21-5 

22-8 

230 

22 

19 

20 

205 

2ro 

21-3 

27 

15 

55 

166 

19-1 

195 

750-0 

27 

18 

00 

166 

177 

180 

7505 

27 

19 

55 

165 

17*5 

175 

7506 

29 

15 

55 

21  "O 

233 

23-4 

746*2 

29 

18 

00 

195 

21-0 

21 '2 

746-4 

29 

19 

55 

18-5 

19*8 

20'0 

7463 

Aug.      7 

17 

00 

230 

24-8 

24*8 

7508 

7 

20 

35 

20-0 

21*6 

21-8 

751*2 

9 

17 

40 

255 

26-6 

26-6 

749*2 

9 

20 

49 

225 

245 

245 

7490 

10 

17 

00 

26-2 

27-8 

27-6 

750*0 

10 

20 

49 

24-5 

255 

25-5 

750*2 

II 

17 

00 

24-5 

26-5 

26-5 

748*6 

14 

17 

28 

21*2 

223 

22*5 

749*5 

IS 

17 

28 

20*0 

22-5 

22*5 

749*5 

15 

21 

05 

l6'I 

i8-5 

18-5 

7507 

15 

22 

33 

155 

17*6 

180 

750-9 

17 

18 

37 

20*0 

21'0 

21-0 

750-3 

22 

18 

• 

00 

230 

24-5 

«       247 

7457 

22 

20 

12 

22.4 

231 

23*2 

745*7 

Sept.      I 

18 

37 

18-3 

19*6 

20*0 

752.3 

I 

21 

05 

17-5 

18-5 

19-0 

7525 

I 

22 

33 

i6*o 

175 

17*5 

752*8 

3 

18 

37 

20-I 

213 

21*5 

750*8 

3 

21 

05 

184 

19-4 

19-6 

750*8 

3 

22 

33 

17-8 

18-5 

19-0 

750*9 

7 

19 

00 

166 

180 

i8-o 

749*5 

7 

21 

05 

14-5 

166 

17-0 

7499 

9 

18 

Z1 

13-5 

155 

15-9 

757-3 

9 

20 

35 

1 1-5 

131 

13*5 

757*9 

REPORT   FOR   1892 PART   II. 
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Record  of  temperature  and  pressure  of  atmospJiere  at  BocJcvilley  Md,j 

during  observations  for  latitude* 


Therniometers 

■ 

Dais. 

1*:aM 

Barom. 
redueed  to 

1  tnie.        1 

Outside. 

Inside  N. 

Inside  S. 

o»C. 

1891. 

>&. 

m. 

C. 

C. 

C, 

MIOT* 

Sept.      9 

22 

«9, 

-I-9-5 

+  12-8 

-f-|2-6 

758-0 

10 

»9 

00 

15*2 

16-5 

I7-0 

7S!*4 

10 

20 

35 

13*7 

15-2 

155 

7586 

10 

23 

19 

I2-0 

14-0 

140 

758-4 

iz 

18 

37 

1 8-6 

19-9 

20'2 

752*1 

12 

20 

33 

16-4 

180 

181 

752-0 

12 

23 

19 

14-4 

i6-o 

163 

7515 

13 

18 

37 

195 

,    2I-0 

21-4 

7490 

14 

18 

37 

'5i 

17-0 

170 

750-1 

14 

20 

48 

12-8 

15-2 

155 

750-5 

14 

23 

27 

10-4 

130 

13*0 

75II 

15 

18 

37 

19-0 

20*6 

20'9 

749-6 

15 

21 

OS 

180 

194 

19-5 

7507 

15 

22 

33 

172 

i8-4 

i8-5 

750-8 

17 

18 

37 

22*5 

24-0 

24.0 

7564 

17 

20 

48 

20*2 

21*5 

21*6 

756-6 

17 

23 

36 

19-0 

20-0 

20'I 

756-7 

18 

20 

35 

20*5 

235 

235 

7523 

18 

22 

00 

20-O 

•       22*5 

22*5 

752-0 

18 

23 

36 

19-0 

21*4 

215 

752-1 

"9 

20 

12 

195 

21*6 

21-8 

752-2 

19 

22 

00 

i8-5 

20-4 

205 

7527 

>9 

23 

20 

17-0 

195 

19*5 

7531 

21 

20 

12 

201 

22*0 

22*1 

751*8 

21 

22 

00 

19.1 

20-6 

20*6 

751-9 

21 

23 

20 

178 

20'0 

20-0 

751-8 

23 

20 

12 

22-4 

23-8 

24*0 

751*3 

23 

22 

00 

21 -O 

23-0 

230 

751-5 

23 

23 

20 

19-8 

21-6 

217 

751-8 

24 

20 

35 

19*1 

21 -O 

213 

754-7 

24 

22 

00 

19-0 

2O'0 

20'I 

755*1 

24 

23 

20 

180 

19*0 

195 

755*1 

25 

20 

12 

20-6 

21-6 

22*0 

752-8 

25 

22 

19 

195 

20-5 

20-6 

7530 

25 

23 

20 

186 

20*0 

20-3 

7530 

26 

20 

12 

22-0 

235 

237 

752-6 

26 

22 

20 

20-6 

22-0 

22*2 

7530 

26 

33 

20 

20*0 

21*4 

21*5 

753*1 

28 

20 

12 

19-6 

20'5 

20-8 

753*9 

28 

22 

20 

19-3 

20-I 

20*3 

753*8 

28 

23 

20 

194 

20*0 

20'0 

753*2 

30 

20 

13 

11*9 

MI 

14-5 

757-6 

30 

22 

20 

"•3 

12*5 

I3'0 

758-1 

30 

23 

20 

107 

I2*0 

123 

757*9 

Oct.       3 

20 

13 

20-5 

22*5 

22-6 

749*8 

3 

22 

02 

181 

20*5 

20'6 

749-6 

3 

23 

20 

16*5 

19*5 

195 

749-0 

5 

20 

>3 

13-8 

"5-3 

15*5 

748-3 

5 

22 

20 

"3-5 

14*6 

147 

749*3 

5 

23 

20 

11-9 

132 

13-5 

749*7 

9 

20 

13 

9-5 

IO-6 

II-O 

751*4 

9 

22 

10 

84 

9-5 

9-8 

751*4 

9 

23 

20 

8-4 

9-0 

9-2 

751-4 

14 

20 

13 

iri 

123 

I2'5 

757-5 

14 

22 

20 

9*6 

iro 

iro 

747*8 

14 

23 

20 

9*6 

IO-5 

107 

747*7 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


Record  of  temperature  and  pressure  of  aimosphere  at  SockvUley 

during  observations  for  latitude. 


Thermometera 

1 

Date. 

^RS^^  ^__ 

Barom. 

reduced  to 

o'C. 

iuDt. 

Outside. 

Inside  N. 

Inside  S. 

1 891. 

A. 

m. 

C. 

a 

a 

WmfK» 

Oct     14 

00 

05 

-flO-6 

+  IO-5 

+105 

7477 

15 

20 

13 

9*o 

iro 

II-O 

749-2 

15 

22 

10 

80 

9S 

9-5 

750-0 

.     15 

23 

20 

6-6 

8-5 

8-6 

750-8 

•     16 

20 

13 

8*1 

94 

9*6 

755-6 

16 

22 

20 

6-5 

7*6 

80 

7568 

16 

23 

20 

61 

71 

7S 

7S6-9 

17 

20 

13 

7-S 

9-0 

9S 

7564 

17 

22 

10 

6-3 

7-8 

80 

7565 

17 

23 

.20 

SS 

7'0 

7*o 

756-6 

22 

22 

02 

-F  4-6 

+  5-4 

+  S-5 

747-0 

22 

23 

20 

SO 

5-2 

S-4 

7470 

23 

22 

02 

51 

70 

7'o 

7,48-3 

23 

23 

50 

6-0 

6-6 

6*8 

7484 

23 

I 

30 

50 

S-7 

S-8 

7484 

24 

22 

02 

7-2 

90 

9-0 

7469 

24 

23 

50 

6-5 

8-4 

8-6 

7477 

24 

I 

40 

7-2 

«-9. 

9*0 

747-8 

28 

22 

02 

40 

4-S 

51 

7S77 

28 

23 

SO 

1*1 

2-5 

30 

7S8-4 

28 

I 

30 

—  i-i 

i-i 

i-o 

7589 

29 

22 

02 

+  80 

8S 

8-3 

7S97 

29 

23 

50 

6-6 

7-4 

7-3 

7597 

29 

I 

30 

6-0 

6-5 

6-5 

759-6 

30 

22 

02 

II-6 

127 

12-5 

7564 

30 

23 

50 

11*2 

12*0 

11-9 

756-1 

30 

I 

40 

lo-i 

10-8 

107 

755-6 

3« 

22 

02 

15.7 

16-5 

1 6-2 

747-6 

Nov.      I 

22 

02 

71 

7.9 

8-0 

7S3*2 

I 

23 

50 

SI 

61 

6-3 

7S4-6 

I 

I 

40 

33 

47 

S-o 

7SS-3 

2 

22 

02 

2-5 

3S 

40 

7S7-6 

2 

y 

50 

—  0-6 

1-6 

1-6 

7S8-3 

2 

I 

40 

OS 

I'l 

1-2 

7588 

6 

22 

02 

-f-  i-o 

2'6 

27 

7525 

6 

23 

50 

—  0'2 

1-6 

1-8 

752-4 

6 

I 

40 

+  0-3 

I'2 

IS 

752-1 

7 

22 

02 

45 

61 

6-4 

750-2 

7 

23 

50 

31 

S7 

5-6 

750-1 

7 

I 

40 

17 

41 

43 

7499 

9 

22 

02 

94 

lO'I 

103 

752-6 

9 

23 

SO 

7S 

8-3 

8-5 

753-1 

9 

I 

3^ 

5-9 

6*9 

70 

752-8 

17 

23 

36 

—   2-2 

-  ^-5 

-  IS 

752-5 

17 

I 

10 

3-1 

2-5 

2-4 

754-3 

18 

23 

36 

S'l 

41 

3-9 

766-1 

18 

I 

30 

65 

S-3 

50 

7666 

18 

3 

20 

81 

6-4 

6-2 

766-9 

20 

23 

36 

+  3-2 

+  4-2 

-h4S 

773*5 

20 

I 

30 

3*0 

3*2 

40 

7685 

20 

3 

20 

1-9 

2-8 

3-0 

7673 

23 

23 

36 

6-3 

7-2 

7-2 

735-1 

23 

I 

30 

50 

6-0 

6'0 

736s 

23 

3 

20 

3-6 

5-0 

S-o 

737-2 

24 

23 

36 

3-9 

4'9 

50 

746-0 

24 

I 

30 

2'4 

3.6 

3S 

747-0 

REPORT   FOB  1892 — PART   11. 
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Record  of  ten^ferature  and  pressure  of  atmosphere  at  BochviUej  Md.y 

during  observations  for  latitude^ 


Date. 

Tlin«^ 

b 

Thermometan 

. 

Befpm. 

AhIIo*        I 

reduced  to 

Oatiide. 

Inside  N. 

Inside  S, 

©•C. 

189I. 

Jk. 

m. 

a 

C 

a 

tftnt* 

Nov.     24 

3 

20 

+1-9 

+30 

+3-4 

747-8 

29 

23 

36 

-6.5 

—  6-2 

—  5-9 

7568 

29 

I 

40 

V^ 

71 

67 

757*1 

.      29 

3 

20 

80 

7-5 

7-4 

7570 

30 

23 

3^ 

41 

30 

2-6 

7585 

Dec.      I 

23 

36 

-f-o-5 

-f-    1-2 

+  M 

7577 

I 

40 

—  1*4 

—  0-4 

—  0-4 

757-6 

3 

20 

1-5 

0'9 

0-6 

757-2 

23 

36 

+  6-4 

+  6-9 

+  67 

7461 

_ 

I 

30 

6-3 

6-5 

6-6 

747-8 

23 

36 

8-0 

8-5 

8-2 

752-0 

I 

30 

6-5 

7*3 

^       71 

751-8 

i 

3 

20 

6-0 

6-8 

65 

751-8 

-    I 

21 

—  O'l 

0-5 

04 

7589 

8 

3 

25 

0*7 

0"I 

O'O 

7587 

8 

.  4 

40 

!•© 

—  o-i 

—  0'2 

758-4 

9 

I 

21 

+  46 

+  60 

+  60 

7565 

9 

3 

25 

3*2 

5« 

50 

7564 

9 

4 

40 

1*8 

3*9 

4-0 

756-4 

10 

I 

21 

3-5 

6.5 

65 

755-2 

10 

3 

25 

3'2 

^•5 

6-5 

755-1 

10 

4 

40 

2*4 

4-8 

51 

755-1 

'3 

I 

21 

4-9 

6-5 

6*2 

755-3 

13 

3 

25 

2'2 

50 

5-0 

755-1 

13 

4 

40 

2-5 

4*3 

4-5 

754-6 

18 

I 

21 

—  6*9 

-  5-5 

-  5-3 

762-8 

18 

3 

25 

5-9 

5-5 

4-9 

762*2 

18 

4 

40 

80 

6-4 

6-0 

759-5 

28 

I 

21 

0-5 

+  0*2 

+  O'l 

7562 

28 

3 

25 

«-5 

0'8 

.  —  0'6 

755-9 

28 

4 

40 

09 

05 

05 

755-8 

30 

I 

21 

+  I-I 

+  30 

+  27 

757-2 

30 

3 

25 

0-4 

1-7 

1*8 

7588 

30 

4 

40 

—  0-2 

I'l 

1-4 

759-2 

1892. 

Jan-       7 

2 

5« 

7-2 

—  6-2 

—  6*o 

747-8 

7 

4 

40 

9'2 

7-8 

7-4 

748-3 

7 

5 

45 

II-5 

9*o 

8-9 

7486 

8 

2 

58 

32 

2-5 

27 

7507 

8 

^■^  4 

40 

45 

3-1 

30 

7SII 

16 

^^2 

58 

8-8 

7-4 

7-4 

762-7 

16 

4 

40 

iO'5 

87 

8-5 

763'0 

16 

5 

45 

9-0 

8-5 

8-3 

7629 

20 

3 

05 

10-9 

10*2 

9.9 

756-5 

20 

4 

38 

117 

ii-o 

107 

7563 

20 

5 

45 

134 

12-2 

I2-0 

756-5 

21 

3 

05 

2'0 

I'O 

I'O 

7568 

21 

4 

38 

4-5 

2*6 

2-5 

7571 

21 

5 

45 

4*9 

34 

3-4 

757-6 

24 

3 

*"! 

+  05 

+  1-8 

+   2-0 

743-9 

24 

4 

38 

—  o*4 

i-o 

0-8 

7434 

24 

5 

45 

i-o 

00 

O'O 

7433 

25 

3 

°§ 

+  5-6 

7-5 

7-8 

7366 

25 

4 

38 

SO 

60 

6-5 

736-8 

»5 

5 

45 

40 

5.4 

5-5 

7370 

"l 

3 

05 

i-o 

3-5 

3-5 

7473 

I ! 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Record  of  temperature  and  pressure  of  atmosphere  at  BoeJcf^lle., 

daring  observations  for  latitude. 


Thermometers 

». 

D«te. 

^*2 

Barom. 

Time.       1 

reduced  to 

Outside. 

iDBide  N. 

Inside  S. 

o"C. 

1892. 

k. 

m. 

C. 

.  C 

C. 

W/K. 

Jan.     28 

4 

00 

+  4-7 

-f  4-8 

-f  4-5 

747-3 

31 

4 

17 

—  1-8 

—  05 

—  05 

7529 

31 

6 

07 

1-7 

08 

753-2 

31 

8 

20 

2'0 

I'O 

i-o 

753-1 

Feb.     10 

4 

17 

0'6 

o-o 

O-O 

743-5 

10 

5 

17 

OS 

O'O 

o-o 

7427 

13 

4 

17 

3-6 

27 

2-5 

746-6 

13 

6 

05 

1-6 

04 

0-2 

7580 

13 

8 

17 

39 

1-8 

1-6 

758-4 

17 

4 

17 

S-8 

3-8 

3*5 

7634 

17 

7 

05 

67 

5-8 

57 

762-7 

*7 

8 

17 

7-2 

57 

57 

762-1 

Mar.    10 

7 

05 

30 

2-5 

2-0 

742-6 

10 

8 

12 

3-3 

30 

3-3 

742-2 

12 

7 

05 

+  8-3 

+  90 

+  95 

745-4 

12 

8 

35 

7'0 

80 

^3 

7464 

14 

7 

05 

-  3-5 

-  yo 

—  2-8 

755-6 

14 

8 

45 

4-5 

4-0 

37 

7565 

14 

10 

28 

.  6'0 

S-o 

4*9 

756-8 

16 

7 

05 

7-5 

3-8 

3-6 

756*0 

16 

8 

46 

7-8 

5-2 

5-9 

756-2 

16 

9 

25 

7'4 

55 

5-4 

757.6 

19 

7 

05 

05 

+  i-o 

+  i-o 

745.7 

19 

8 

40 

1-3 

o-o 

0-2 

7468 

19 

lo 

25 

2-6 

—  0-8 

~  0-8 

7469 

20 

7 

05 

1-4 

04 

0-3 

755-4 

20 

8 

40 

3-5 

2-0 

2-0 

756-4 

20 

lo 

30 

3-3 

2-5 

2-2 

7569 

21 

7 

05 

4-8 

17 

1-5 

7607 

21 

8 

53 

51 

3-6 

3-5 

761-1 

21 

10 

30 

6*o 

4-5 

4-5 

760-9 

23 

7 

05 

+  90 

+  I0-0 

+105 

7479 

23 

8 

25 

7-2 

80 

8-6 

746-9 

24 

7 

05 

4-0 

5-6 

6-0 

7521 

24 

8 

40 

31 

4-5 

-     4-8 

7523 

24 

9 

30 

3-0 

4-0 

40 

752-1 

28 

8 

25 

37 

47 

50 

751-8 

28 

10 

20 

31 

4-0 

40 

7526 

28 

12 

00 

2"0 

31 

3-5 

753'3 

29 

8 

25 

67 

7*2 

M 

755-1 

29 

10 

12 

57 

6-1 

% 

755-3 

Apr.      4 

8 

25 

20-7 

21-6 

21^ 

7481 

4 

10 

20 

19-0 

19-6 

19-6 

748-1 

4 

12 

12 

17-0 

180 

17-8 

747-8 

9 

8 

25 

o-o 

0-6 

0-6 

745*2 

9 

10 

20 

—  0'9 

—  0-3 

—  0*2 

746-3 

II 

8 

25 

+  3*o 

+  4-3 

+  4-5 

7523 

II 

10 

20 

1-5 

2-5 

2-6 

7527 

II 

12 

00 

O'O 

VI 

1-5 

753-0 

12 

8 

25 

5-0 

6'o 

61 

7535 

12 

10 

20 

2-5 

40 

4-0 

754-5 

12 

12 

00 

1-6 

30 

3-0 

754-6 

13 

8 

25 

8-8 

n-o 

iro 

7528 

13 

10 

20 

7-8 

99 

IO-2 

7524 

»3 

10 

47 

7-5 

90 

9-0 

7523 

16 

10 

17 

5« 

6*5 

6-9 

7488 
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Sean^d  of  temperature  and  pregmre  of  atmosphere  at  RockvUle^  Md.y 

during  observations  for  latitude. 


■' 

Thermometen 

• 

Date. 

Time. 

Barom. 

reduced  to 

Outside. 

Inside  N. 

Inside  S. 

©"C. 

1892. 

n.       fft' 

a 

a 

c. 

ffliH, 

April    16 

12      22 

■f4'4 

+  5-1 

+  5-6 

7488 

19 

10      17 

6*8 

8-3 

85 

7573 

19 

II      00 

7'2 

81 

8-3 

7577 

23 

10      17 

1 06 

I2-0 

H7 

7499 

23 

12      22 

8-9 

IO-2 

10- 1 

7507 

23 

14      00 

7-4 

8-6 

8-6 

751-3 

26 

10      17 

190 

"•3 

11-4 

7587 

26 

12      17 

71 

90 

9-5 

759-2 

26 

14     00 

5-4 

7-8 

81 

7594 

27 

10      17 

IO-6 

11-8 

I2-0 

757-5 

27 

12      22 

IO-5 

10*9 

Il-O 

757-0 

29 

lo    17 

9-5 

iO'9 

II'O 

7523 

30 

10      17 

U-9 

151 

i5'0 

7569 

30 

12      22 

107 

11-8 

I2-0 

757-3 

30 

14      00 

lo-i 

10-9 

iO'6 

757-1 

May        I 

10      17 

20-5 

21 -o 

21-0 

7486 

3 

12      22 

21-6 

22'5 

22*4 

747-5 

3 

n     S3 

2I*0 

21-8 

21*6 

747-0 

4 

10     40 

232 

254 

25-2 

7512 

4 

12^     22 

21-0 

23-1 

230 

7521 

4 

13     40 

2I-I 

22*5 

22*4 

752-2 

5 

10      17 

177 

if8 

180 

751-3 

5 

12      22 

151 

15-6 

159 

7509 

5 

14      12 

13-8 

14-3 

'4-4 

7501 

7 

10      17 

^ys 

14*5 

14*6 

7483 

7 

12      22 

II'O 

11*9 

I2'0 

749-8 

7 

14      12 

91 

io*o 

103 

750.4 

8 

10      17 

I2'I 

139 

13-6 

754-6 

8 

14     00 

9.9 

103 

107 

755-9 

9 

10      17 

155 

189 

18-5 

753-5 

9 

12      22 

14-8 

16-4 

16-5 

7539 

9 

14      12 

12-5 

II'O 

I4'0 

753-8 

16 

12      10 

175 

i8-5 

19-0 

752-4 

16 

14      00 

16-4 

17*2 

17-5 

753-3 

-    16 

»5    50 

13-6 

151 

«5-5 

753-9 

17 

12      10 

17-1 

i8'0 

181 

752-5 

17 

13    55 

150 

159 

i6'0 

752-3 

17 

IS    25 

141 

150 

15-0 

7520 

19 

12    10 

131 

14-6 

•  14-8 

740*2 

23 

12    10 

81 

lo-o 

lo-o 

7425 

23 

>3    55 

6-6 

8-5 

•     87 

7435 

23 

15    48 

5-8 

7-2 

7-4 

744-2 

24 

12      10 

136 

159 

i6*o 

748-3 

24 

15      58 

I2'I 

130 

13-0 

748-6 

25 

12      10 

•  20-0 

20*9 

20'9 

744-8 

25 

15      58 

17*2 

i8-o 

180 

744-8 

28 

12      10 

144 

15-6 

i6-o 

7485 

28 

14      30 

12-8 

13-5 

13*5 

7490 

28 

15      58 

11*9 

12*5 

12*5 

749-1 

30 

12      10 

21-6 

232 

230 

7508 

30 

14      00 

200 

210 

21*1 

751-4 

30 

15      48 

i8-6 

19-5 

197 

751-3 

June       I 

12      10 

24*0 

24-8 

247 

7525 

I 

14     00 

22-0 

22-6 

227 

7529 

I 

15      48 

20-5 

2r5 

215 

752-6 

2 

14      OD 

232 

237 

235 

749-3 

16 
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Record  of  temperature  and  pressure  of  atmosphere  at  Eockvillet  Md. 

during  observations  for  latitude. 


Thermometers 

a 

Date. 

Time. 

'     ^ 

Barom. 
reduced  to 

Outside. 

Inside  N. 

Inside  S. 

o'C. 

1892. 

A.  tn. 

C. 

a 

C. 

mm. 

Jane   2 

15  48 

+2l'S 

-j-22-2 

4-22*3 

749*3 

2 

17  30 

21 'O 

21-8 

21-9 

749*4 

6 

14  00 

21'0 

230 

230 

7496 

6 

15  48 

198 

21-5. 

215 

749*5 

6 

17  30 

i8-8 

20-6 

20-8 

749*2 

II 

14  00 

173 

19-1 

19-4 

750-2 

II 

IS  48 

iS-4 

17-1 

173 

7505 

II 

18  08 

14*0 

160 

160 

7505 

12 

14  00 

21'2 

23- 1 

230 

750*4 

12 

16  02 

20-5 

22*0 

22-0 

7508 

12 

18  18 

19s 

20-8 

20*9 

7503 

13 

14  00 

25*1 

26-2 

26*1 

750-2 

13 

16  02 

22-8 

239 

239 

750*1 

13 

17  30 

21*6 

22*5 

22*5 

749*7 

IS 

14  00 

230 

24*4 

24*5 

7500 

15 

16  02 

21*1 

22*4 

22*5 

750*8 

IS 

17  12 

20-3 

21*5 

207 

7509 

16 

14  00 

24*6 

25*2 

25*2 

751*3 

17 

14  00 

21-8 

23-0 

23-0 

751*4 

17 

16  20 

20-3 

21-6 

21*8 

751*8 

»20 

14  00 

23-5 

24*5 

247 

7447 

20 

16  02 

223 

235 

23-6 

745*0 

20 

18  18 

21*4 

225 

22*5 

744*9 

21 

14  00 

25*5 

27-1 

27*0 

744*1 

23 

14  00 

25-6 

278 

27*5 

744*2 

23 

16  20 

24*2 

25-5 

25-5 

743*9 

23 

18  18 

24-0 

25*0 

25-0 

744*9 

2S 

14  00 

211 

23s 

23-5 

748*2 

25 

17  02 

17-6 

20*0 

20*1 

749*7 

25 

17  30 

178 

I9-I 

19-4 

749*8 

26 

14  00 

221 

23-5 

236 

747*9 

26 

15  24 

210 

22'0 

22*2 

7481 

29 

14  30 

23- 1 

239 

239 

747-8 

29 

16  02 

22-0 

22-6 

22*6 

748*3 

29 

18  17 

21-2 

22*0 

22*1 

7485 

July   7 

14  S8 

180 

20-6 

20*6 

759*4 

7 

16  48 

i6-6 

18-3 

i8*5 

759*8 

7 

18  00 

16' I 

17*0 

17*2 

759.9 

8 

14  'SS 

201 

22*1 

22*1 

755*1 

8 

16  48 

181 

19-8 

19*9 

754*9 

8 

18  00 

17-0 

1 8-6 

18*7 

744*8 

9 

14  58 

2I'I 

22*6 

22*7 

7527 

9 

16  48 

197 

20*7 

20*6 

753*2 

9 

18  00 

1 8-6 

20*0 

20-0 

753*1 

No  lights  were  used  in  the  observing  room  other  than  the  sinal 
electric  lamps  for  illuminating  the  field  of  the  telescope,  and  the  spia] 
electric  hand  lamps  used  for  reading  the  micrometer,  levels,  setting 
etc.  These  lamps  were  arranged  with  spring  contacts,  by  pressiu] 
which  the  lamps  were  illuminated  only  for  the  time  actually  necessarj 
A  dim  illumination  of  the  observing  room  was  obtained  from  a  lam] 
in  the  recording  room,  showing  through  a  small  window  in  a  partitioi 
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separating  the  two  rooms.  Every  precaution  was  taken  to  avoid  any 
sadden  change  of  temperature  in  the  zenith  telescope. 

The  first  observations  for  latitude  were  made  June  13, 1891,  and  the 
last  July  9, 1892.  In  the  whole  series  1808  observations  were  made  on 
146  nights.  On  many  of  these  nights  the  observations  were  very 
much  broken  on  account  of  clouds,  there  being  only  89  nights  upon 
which  complete  groups  were  observed.  No  serious  difficulties  were 
encountered  during  these  observations  up  to  April  30,  on  which  date 
the  level  readings  were  very  wild.  On  May  4  it  was  discovered  that 
the  observatory  had  settled  to  such  an  extent  that  the  casing  about 
the  pier  rested  against  it.  This  difficulty  was  immediately  remedied. 
The  twelve  observations  of  April  30,  the  four  of  May  1,  and  the  first 
three  of  May  4  hive  to  be  rejected. 

On  June  13, 1892,  it  was  necessary  to  strengthen  the  springs  of  the 
micrometer,  to  do  which  the  slide  carrying  the  spider  webs  had  to  be 
removed.  The  computation  of  observations  subsequent  to  that  date 
developed  a  discrepancy  in  the  results  from  pairs  in  which  one  star  was 
observed  with  thread  1  and  the  other  star  with  thread  2.  An  investi- 
gation of  the  distance  between  threads  1  and  2  on  August  24  and  2G 
developed  the  fact  that  the  relation  of  these  threads  must  have  been 
disturbed  on  June  13.    The  distances  between  these  threads  before 

and  after  June  13, 1892,  have  already  been  given. 

». 

n.~reduction  of  the  observations  and  discussion  op 
the  results  by  charles  a.  schott,  assistant  u.  s. 
coast  and  geodetic  survey. 

Computing  Division,  Coast  and  Oeodetio  Subtey, 

September  28^  1892. 

The  results  of  the  astronomical  observations,  specially  made  for  the 
last  three  years,  at  several  places  in  the  northern  hemisphere,  for  the 
purpose  of  inquiring  into  the  supposed  variation  of  the  geographical 
latitude,  and  for  investigating  its  laws  of  change,  leave  no  further 
doubt  of  the  fact  that  the  latitude  of  a  place  is  slightly  variable.  The 
phenomenon,  as  deduced  from  observations  in  Europe,  in  iNTorth 
America,  and  the  Hawaiian  Islands,  indicates  a  periodic  variation  such 
as  would  be  produced  by  the  revolution  of  the  axis  of  rotation  about 
that  of  the  earth's  figure. 

The  length  of  the  period,  which  was  found  to  disagree  with  the 
Enlerian  period  of  about  306  days,  was  first  worked  out  by  Dr.  Chan- 
dler,* who  made  it  variable,  and  at  present  increasing,  and  assigned  to 
it  427  days,  nearly,  for  the  epoch  1876 ;  on  the  other  hand  Prof.  New- 
comb's  researches t  point  to  a  uniform  rotation  with  a  constant  length 
of  430  days,  nearly,  as  deduced  from  observations  between  1865  and 

*  Qould's  ABtronomical  Joarual  No.  267. 
t  AstroDomiBche  Nachrichten  No.  3097. 
8.  Ex.  37— 2 
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1891.  Further,  according  to  the  former  investigator,  the  half  range  of 
the  variation  is  0''*22,  whereas  the  latter  suJ^pects  the  radius  of  the 
circle  described  by  the  instantaneous  pole  of  rotation  to  be  on  the  in- 
crease, the  Berlin  observations  for  1890  indicating  0"'30. 

The  direction  of  motion  is  necessarily  from  west  to  east,  and  the 
lengthening  out  of  the  period  from  306  to  430  days  is  ascribed  to  the 
earth's  elastic  yielding,  the  Enlerian  period  jdemanding  an  absolutely 
rigid  body. 

The  assistance  afforded  by  the  Survey  for  the  elucidation  of  the  phe- 
nomenon consists  in  the  occupation  of  three  stations  at  which  latitude 
observations  were  to  be  made  by  means  of  the  zenith  telescope  (Tal- 
cott's  method)  on  every  favorable  or  desirable  night,  and  continued 
over  a  space  of  at  least  one  year.  These  stations  are  Bockville,  Md. 
(near  Washington,  D.  C),  San  Francisco,  Cal.,  and  Waikiki  (near 
Honolulu),  Hawaiian  Islands.  The  observations  at  Eockville,  which 
are  here  discussed,  cover  the  period  between  June,  1891,  and  July, 
1892. 

The  position  of  the  latitude  station  at  Eockville  was  connected,  in 
the  summer  of  1892,  by  Mr.  J.  B.  Boutelle,  by  triangulation  with  the 
transcontinental  arc  of  the  parallel,  and  its  geodetic  coordinates  are  as 
follows:  Latitude  39©  05'  11"-21;  longitude  77©  09'  36"-65  W.  from 
Greenwich ;  hence  it  is  about  15^  statute  miles  or  about  25  kilometres 
N.  290  W.  (true)  from  Washington,  D.  0.  We  have  longitude  of  Eock- 
ville 5^  08°'  38»  W.,  and  longitude  of  Berlin  0»»  53°»  35*  E.;  hence  Eock- 
ville  west  of  Berlin  6^  02°»  13«.  The  astronomical  latitude  is  39^  05' 
10"*47,  nearly,  indicating  a  local  deflection  in  the  meridian  of  A.  —  O. 
=  _  o"-74. 

The  Eockville  station  was  placed  in  charge  of  Edwin  Smith,  Assist- 
ant Coast  and  Geodetic  Survey,  by  whom  all  observations  were  made. 
Between  June  13, 1891,  and  July  9, 1892,  nearly  1800  individual  meas- 
ures for  latitude  were  secured  on  146  nights.  Early  in  January,  1892, 
these  records  were  placed  in  my  hands  for  reduction  and  report,  and 
the  temporary  services  of  two  computers,  Mr.  A.  Bonnot  and  Mr.  L. 
W.  Beid,  were  specially  provided  for  the  computation  of  the  apparent 
places  of  the  88  pairs  of  stars  involved.  Their  mean  places  are  due 
to  Mr.  H.  Farquhar  of  the  Computing  Division. 

The  mean  north  polar  distances  of  the  stars  depend  on  the  places 
assigned  to  them  in  the  principal  and  other  available  catalogues,  cor- 
rected for  their  known  systematic  errors,  following  Boss's  system,  and 
are  specially  discussed  with  respect  to  the  value  of  the  catalogue  itself 
as  well  as  to  the  number  of  observations  involved.  The  mean  places 
are  thus  closely  connected  with  Boss's  system ;  the  proper  motions 
were  independently  discussed  by  the  method  of  least  squares  after 
each  star's  If.  P.  D.,  found  in  the  several  catalogues,  had  been  referred 
to  the  epoch  1891*0;  the  proper  motions  depend  on  special  investiga- 
tion, except  in  the  case  of  Bradley- Auwers  stars,  of  which  the  given 
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• 

proper  motion  was  adopted  unless  found  capable  of  improvement.    Ee- 
spectiDg  weights  Mr.  Farqiiliar  makes  tlie  following  statement:* 

^Combination  weights  used  for  adopted  polar  distances  in  Bockville 
latitude  list:  Twenty  catalogues  used  in  computing  latitudes  on  this 
Sarvejr  were  tested  and  their  probable  errors  reported  in  June,  1890. 
These  results  were  made  the  basis  of  the  following  series  of  weights; 
the  imit  of  weight  corresponding  to  a  probable  error  of  ±  VO-l"  and 
the  ratio  of  observation  error  to  systematic  error  being  taken  (for  all 

catalogues  alike)  =  V  5,  so  that  if  irc»  be  the  weight  of  an  infinite  nuui- 
ber  of  observations  and  m?i  of  one,  w  =    -       tc^^  = w^, 

"The  weight  of  no  polar  distance  therefore  can  exceed  six  times  that 
of  a  single  observation^  given  in  the  table  below : 

Catalogus.  «i 

Lalande  S,  Weisse-Bessel  e,  O  *oi5 

d'Agelet  a,  Piazzi  fl,  '02 

RUmkcr  e,  -025 

Taylor /?,  "04 

Groombridge  fl,  "06 

Armagh  '75,  -07 

Armagh  '40,  Jacob  ^,  Smyth  0,  'oS 
AuwerS' Bradley  a,  Paris  '45 ,  Main  /?,  Glasgow,  Cape  '40  e,     '09 

Radcliffe  *6o,  'lo 

Radcliffe  '45,  '12 

Pond  /^,  Cambridge  '30  /3,  Greenwich  6  y,  '14 

Washington,  'id 

Cape  '50  e,  Bonn  fi,  Paris  '60,  Rome,  'iS 

Paris  *75,  '20 
Henderson,  Greenwich  7y  i ,  Melb.  fi,  Cape  *8o  e,  Ann  Arb. «,  '25 
Struve  Pos.  M. ^  Greenwich  I2y  ( i  -|-2),  Brussels, Becker  c,      '3 

Pulkowa  Merid.  Circle,  Greenwich  7y2,  Cordoba  x»  '35 

Abo  /5,  Harv.  '85  £,  -4 

Greenwich  9y.,  Harv.  '75,  '5 

Leiden  /S,  *6 

Romberg  a,  '7 

Pulkowa  Vert.  Circle  y5,  Greenwich  loy,  'S 

♦ 

"In  this  table  weights  were  deduced  for  catalogues  marked : 

"ff from  probable  errors  of  observation  given  in  the  prefaces  to 

the  catalogues. 
")J from  Boss's  investigations,  §  of  his  weights  being  taken — 

i»  e.)  his  unit  being  supposed  to  correspond  to  a  probable  error  of 

^^y from  a  determination  of  systematic  error  by  myself,  using 

Boss's  method. 

"(J from  determination  of  observation  error  by  myself  and 

formola  above  as  in  (a). 

^^( from  simple  estimate,  the  places  being  too  few  for  better 

methods. 

•  Under  date  of  September  12, 1892. 
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"Others  from  the  results  obtained  in  1890. 

"Piazzi,  Taylor,  Jacob,  Main,  and  a  few  others  used  by  Safiford,  I 
have  to  take  at  second  hand,  being  without  the  originals.  For  stars 
of  the  Berliner  Jahrbuch,  Dr.  Auwers's  combination  of  the  authorities 
used  by  him  was  usually  accepted,  f  of  his  total  weights  being  allowed 

them  (i.  e.,  his  probable  error  taken  =  ±  Vo"i6"  for  «?  as  1)  and  the 
weights  of  this  table  used  for  the  remaining  authorities." 

The  resulting  mean  N.  P.  D.'s  of  the  stars  composing  the  88  pairs 
observed  for  latitude  of  JEtockville  are  given  below.  The  first  column 
gives  the  star's  number  in  the  Coast  Survey  Field  Catalogue  (Appen- 
dix No.  7,  Eeport  for  1876),  the  second  column  its  number  in  the  British 
Association  Catalogue  (London,  1845) ;  column  4  contains  the  square 
of  the  probable  error  {^),  and  the  last  column  the  proper  motion  {/x'): 


No.  in— 

Mean  N.  P.  D.  for  1891*0. 

^ 

9f 

C.  tad 

G.S. 

CaU- 

l9gue. 

B.  A. 

CiiU- 

logue. 

0 

/        // 

// 

1 184 

4706 

64 

23    3066 

•02 

+0076 

1 188 

4726 

37 

42      085 

•02 

-fo*oi6 

1 198 

4758 

50 

42     1825 

•07 

4-0*030 

1206 

4812 

51 

12     53-21 

•01 

—0149 

I215 

4847 

73 

6    5099 

•01 

— 0*005 

1220 

4874 

28 

16    2445 

•02 

-f0'O36 

I23I 

4906 

52 

16    50-06 

•04 

— 0090 

1 241 

4958 

.  49 

10    4554 

•01 

+0043 

1247 

4980 

41 

25     3994 

•03 

—0023 

1254 

503  » 

60 

25     5142 

•04 

— 0*019 

1262 

5071 

37 

38    55-92 

•08 

4-0*004 

1275 

64 

31      7-IO 

•06 

4-0-02I 

1278 

5122 

48 

47    4279 

•01 

4-0*014 

1280 

5130 

48 

43     5000 

•02 

4-0*014 

1294 

S178 

.53 

°  i^6:^S3So8 

•02 

— ow)7 

I316 

30 

5    4984 

•05 

4-0-032 

1330 

5315' 

71 

52    4838 

•04 

—0-146 

1336 

5348 

31 

8    3671 

•02 

— 0-345 

1354 

5466 

70 

35    2617 

•02 

— 0*036 

1360 

55" 

13 

59    37-4a 

•02 

-0-258 

1367 

5520 

H 

46    37-98 

•01 

+0093 

I381 

5574 

36 

52    50-85 

•03 

-—0-024 

1382 

5575 

36 

5'  \Z^\  '3-^ 

•04 

— 0-024 

1386 

5597 

64 

55    50-59 

•07 

4-0-003 

1392 

5628 

25 

12    1539 

•03 

-j-o-oia 

1397 

5647 

76 

32    52*10 

•05 

— o-ooi 

1407 

5740 

24 

41    5528 

•03 

—0-047 

I418 

5765 

77 

6    3280 

•02 

4-0018 

1424 

49 

5     10*64 

•05 

— 0-007 

1432 

'5834" 

53 

4      440 

•02 

4-0009 
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Se9ulU  of  observations  for  tJie  variation  of  latitude  at  RockvilU^  Md. 


No.  In— 

Memn  N.  P.  D.  for  rSgi-o. 

^ 

1^ 

C.and 
G.  S. 
CaU- 
logue. 

B.A. 

louuo. 

0 

/ 

// 

// 

1442 

5860 

65 

^ 

30-05 

•03 

+0-004 

1448 

36 

28 

3250 

-12 

—0-02 

1456 

'5918* 

31 

15 

2479 

•07 

•—0-021 

1462 

70 

39 

5059 

•06 

+0-096 

H73 

'5978" 

28 

2 

3080 

-03 

+0*500 

1476 

5991 

73 

59 

4864 

•OS 

-0-099 

1502 

6079 

33 

6 

36-59 

•01 

—-0-070 

1514 

6106 

68 

«4{;t-}.3-5s 

•04 

—0-015 

1539 

6203 

47 

52 

39.70 

•03 

+0-008 

1547 

623s 

53 

59 

4*06 

•05 

— 0*020 

1589 

6404 

48 

40 

31-69 

-04 

+0-025 

6456 

53 

9 

51-90 

•03 

+0*010 

'1608' 

6466 

53 

14 

22-67 

•04 

— 0-006 

1628 

6520 

43 

13 

10-60 

•04 

+0-092 

1641 

6571 

58 

53 

5365 

•03 

+0*009 

1648 

6582 

68 

57 

29-31 

•09 

—0-005 

1666 

6640 

32 

33 

3971 

•05 

0-000 

1676 

6667 

53 

54 

1-94 

•03 

—0*007 

1690 

6718 

47 

49 

3400 

•04 

+0-035 

1718 

6794 

71 

7 

51-56 

•04 

— 0-021 

1741 

6852 

30 

34 

4623 

•04 

—0-045 

1756 

6895 

40 

II 

54-87 

•02 

+0-005 

1779 

6957 

61 

38 

7-21 

•04 

+0*045 

1 801 

7022 

50 

5 

3134 

•01 

+0-003 

1809 

7061 

51 

55 

274 

•04 

+0*052 

1819 

.-. 

3S 

3 

40-80 

•04 

— 0-067 

1825 

7126 

63 

55 

2*22 

•03 

+0*024 

1852 

7211 

23 

44 

20-15 

•03 

—0-023 

1859 

7223 

77 

51 

4369 

-04 

—0-086 

1885 

7301 

42 

54 

1644 

-03 

+0-0I4 

1896 

^  „  ^  -, 

59 

15 

8-85 

-08 

— 0*02 

1917 

•_•• 

57 

51 

0-80 

•OS 

o-oo 

1926 

7455 

li 

45 

27-45 

*I2 

—0-049 

1948 

7542 

24 

35-33 

•02 

+o*oi6 

1959 

7567 

73 

8 

5942 

•04 

+0-017 

1968 

7598 

41 

II 

4119 

•01 

+0-016 

197 1 

7607 

60 

19 

5967 

•04 

+0*039 

1974 

7627 

64 

35 

15-46 

•02 

+0*014 

1984 

7676 

37 

38 

35-92 

-05 

+0*007 

2004 

7749 

3* 

20 

975 

•03 

+0-007 

ao2o 

7807 

69 

42 

9-09 

•03 

+0*031 

2026 

....— 

50 

44 

4380 

•OS 

+0*018 

•— •_ 

7879 

50 

56 

958 

•10 

+0-026 

ao43 

7880 

50 

55 

47-40 

-08 

+0-026 

2047 

7901 

51 

31 

1*27 

•02 

+0-0I2 
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U.   8.   COAST  AND   GEODETIC  SUBVEY. 


No. 

in- 

Mean  N.  P.  D.  for  iSgx'o. 

^ 

*' 

C.  and 
G.S. 
Catiu 
logue. 

B.A. 

Cata^ 
logue. 

■ 

• 

0 

/        // 

// 

20S5 

7915 

50 

20    3777 

•04 

-fo-oo8 

2059 

7932 

48 

45     lo'io 

•03 

— 0-002 

2063 

-.-. 

53 

9    2388 

-40 

+0053 

2070 

7972 

47 

16      1*36 

•03 

— 0-009 

2078 



54 

13    4804 

•06 

—0008 

2093 

8039 

23 

22    42-09 

•02 

— o-oio 

2121 

8149 

78 

17       1-32 

•03 

4-0-032 

2131 

•  __- 

61 

56      5*34 

•"4 

4-0-020 

2142 

8231 

40 

7     5498 

•03 

-fO-012 

2154 



33 

9     1473 

.14 

.     4-005 

2159 

8296 

68 

56      677 

•08 

4-0030 

2178 

8366 

29 

17     34-57 

-07 

—0003 

4 

8 

72 

23    3840 

-04 

4-0035 

10 

28 

49 

33    59" 

•04 

4-0-142 

22 

67 

52 

38      6-84 

•02 

4-0038 

27 

102 

74 

9    27-84 

•07 

4-0-023 

32 

126 

27 

40     1172 

•01 

4-0009 

45 

166 

59 

44      8-13 

•01 

4-0093 

55 

198 

42 

18    4441 

-01 

4-0*014 

66 

227 

49 

30    5336 

•03 

4-0-02I 

77 

259 

52 

5    3138 

-OI 

— 0-020 

93 

3H 

35 

36    5288 

•02 

4-1-561 

III 

365 

65 

59    3717 

•05 

.-foo30 

134 

456 

31 

19    3954 

•03 

-4-0026 

150 

523 

70 

15    4'*89 

•03 

-fo-678 

176 

614 

36 

2    23*22 

•03 

4-OOIO 

196 

693 

65 

27    45-30 

•09 

4-0097 

202 

710 

61 

5  J    3923 

-03 

4-0018 

208 

735 

40 

12    5452 

•02 

4-0'025 

220 

786 

55 

47     17-27 

-03 

4-0-051 

232 

829 

46 

10      0'47 

•04 

-f  0-017 

242 

870 

72 

59    2178 

•04 

4-0-OI2 

250 

-— .- 

28 

55    27-56 

•05 

—004 

259 

918 

38 

4    5643 

-03 

4-0-033 

263 

941 

63 

58    10-56 

r  ^^^  1 

L  1899  0  J 

•04 

4-0-017 

275 

974 

61 

20    23-65     9-70 

•03 

4-0-038 

287 

1007 

40 

10    3986   2640 

-04 

4-0-031 

292 

1025 

61 

20    50-62    37-36 

•05 

4.0039 

297 

1043 

40 

31     3865    25-57 

-02 

4-0037 

306 

1062 

31 

29    59-40  4659 

-04    -05 

— 0*007 

331 

"35 

70 

38    57-43   4567 

•03 

-fo-oi9 

370 

X253 

66 

II     40-9g    30S1 

-05 

4-0-022 

378 

.-— - 

35 

27    3724   2740 

■14      16 

4-0-I3 

392 

1286 

28 

25     29*14    19*69 

-03 

-j-0013 

417 

1350 

73 

28    39*99   3»-35 

•07 

4-0*036 

430 

* «  ^^ 

59 

52     52-47   44-20 

•08 

4-0*04 

456 

_-_- 

4» 

54    4294    3558 

•05 

4-0-043 
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Results  of  observation H  for  the  variation  of  latitude  at  Rochvillej  Md. 


No.  in— 

Mean  N.  P.  D 

.  for  1891-1899. 

tf* 

C.  and 

B.  A. 

l» 

G.  S. 
Cau- 

CaU- 
logue. 

0         / 

/f           // 

// 

463 

1449 

67     15 

9.96      277 

•02 

+0'02I 

479 

1494 

34    55 

1822    11-88 

•05 

-j-OOII 

4«3 

1504 

36    25 

23'44    17-28 

•03 

— 0*009 

491 

1528 

65      7 

6*91      1*07 

•03 

-fo*o6i 

512 

159I 

74    32 

27-84 

•05 

4-0-005 

520 

---- 

27     27 

4589 

•12 

53' 

-  ... 

49      4 

3924 

I'20 

— 0-015 

533 

1663 

52    42 

5836 

•04 

-fO'OI2 

562 

^l^l 

24     31 

4320 

•05 

+0039 

577 

1846 

77    23 

0-56 

•09 

-|-0-024 

606 

•  »  *  « 

60    28 

4707 

•12 

0-000 

611 

1963 

41     16 

4-66 

•07 

-f-0-068 

700 

2381 

48    55 

3227 

■01 

4-0-00I 

705 

2416 

S3      2 

12-80 

•04 

4-0-023 

718 

2464 

58      0 

4-50 

•02 

— o-i8o 

729 

2488 

43    34 

5649 

•07 

4-6040 

745 

2558 

71     »3 

3687 

•04 

4-0-056 

757 



30    39 

3686 

•03 

— 0-0I2 

769 

2707 

21     12 

3 1  62 

1                       .03 

— 0-003 

776 

2778 

80    28 

55-31 

•02 

4-0055 

781 

2792 

36    25 

5891 

•09 

4-0103 

792 

2850 

65    33 

1876 

•03 

4-0-071 

796 

2876 

24    36 

2338 

•05 

— 0-097 

804 

2942 

76    55 

56-04 

•04 

4-o»oo4 

«i3 

2982 

27    38 

3-45 

•01 

— 0-017 

!^5 

3047 

74    15 

48-68 

•04 

—  0-020 

!^5 

3087 

22    41 

37*39 

•03 

4-0-043 

842 

31" 

78    53 

5088 

•03 

4-0-005 

849 

3'40 

35    31 

57-07 

•04 

— 0*066 

865 

3246 

66    33 

21-79 

•02 

4-0-040 

873 

3273 

58    21 

16-88 

•20 

4-005 

888 

3341 

43    28 

3431 

•02 

4-0-098 

911 

3505 

46    32 

47-68 

•01 

4-0-047 

921 

3542 

55    32 

4882 

•09 

4-0-020 

926 

3572 

52    44 

22-43 

•01 

4-0.104 

932 

3607 

49       » 

8*42 

•05 

4-0016 

936 

3639 

35    46 

5-50 

•10 

4-0-082 

945 

3671 

66     14 

47-00 

•03 

—0-014 

952 



Hll 

3976? 
19*29$ 

•04 

/  +0034 

\  4-0064 

958 

3742 

64      40 

2770 

•02 

4-0-015 

966 

2767 

33      2 

1971 

•01 

— 0-030 

976 

3834 

68    53 

478 

•01 

+0-137 

1003 

3964 

68      2 

5083 

•04 

4-0-061 

lOIO 

3985 

33    46 

15-23 

•04 

4-0-025 

1022 

4052 

82    47 

054 

•03 

4-0031 

1035 

4122 

19    ri 

55*77 

•04 

4-0-022 

\ 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


No.  in- 

Mean  N.  P.  D.  for  iSgao. 

«• 

|i' 

C.  and 
G.S. 
Cata- 
logue. 

B.  A. 
Cata- 
logue. 

1044 
1057 

1063 

1070 

1094 
II09 
III8 

II28 

"37 

"49 
1 162 

"75 

4148 
4195 

4216 

J424U 
^4242$ 

4335 
4387 
4433 

4479 
4526 

4564 

4607 

4656 

0        /       // 

40,  24     5875 
61       7     52-42 

31       0       0*27 

33    27    14-38 
68    16      1-65 
49    16    3069 

52      24        7"2I 

65      5    31-95 
36    31     57-68 

40      8    51-39 

61     58    41-65 

• 

.07 
.01 

•02 

•03 

•01 

•03 

•03 

•05 
•30 
•07 
•02 
•02 

// 

0*004 

+0*085 

—0-087 

— 0-019 

+0*016 
+0*056 
— 0*008 

— O'OOI 

+0*19 

— 0*059 
+0-018 

+0-057 

For  star  [1819J  C.  and  G.  S.  Catalogue,  the  catalogues  contained  no 
late  determinations,  but  observations  of  it  were  found  at  six  Coast 
Survey  stations,  which  furnished  the  means  of  deducing  for  it  a  satis- 
factory place. 

To  secure  accuracy  in  the  apparent  places  two  independent  compu- 
tations were  made,  the  computers  using  the  independent  star  (or  day) 
numbers  contained  in  the  American  Ephemeris  and  Kautical  Almanac. 

The  instrumental  constants  are  as  follows : 

Equatorial  interval  of  vci'tical  threads  of  diaphragm,  I  to  II  =  8««56 
and  of  II  to  III  =  8''84,  thread  II  representing  the  line  of  collimation. 
The  value  of  J=  t  sec.  tf,  where  *  =  8«'7,  was  tabulated  for  different 
values  of  <y  to  be  used  in  connection  with  the  usual  table  for  the  reduc- 
tion to  meridian. 

Level  valuesj  recapitulation  of  results  from  the  several  sets  of  obser- 
vations. 

Level  No.  7,  the  upper  level,  as  attached  to  the  telescope  is  graduated 
from  0  to  50  divisions.  Two  sets  of  observations  on  each  date  were 
made  with  a  level  trier,  the  bubble  being  made  to  traverse  with  for- 
ward and  backward  motion.    The  results  are: 


January  11, 189a 

12, 189a 

May       22, 189I 

January  13, 1892 

Mean 


I  division  = 


I  632  at  —    o*4  C 

1-640  +     9*6 

1*547  +  239 

1-589  +  37-9 


1*600       +  17-8 

±  14 
N.  B. — Two  sets  made  May  19, 1892,  at  38°"0  C.  gave  i  di\T». 
km  =  1^^*632,  but  the  tube  was  thought  not  sufficiently  protected. 
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Ratijts  of  observaUoTiS  far  tlie  variation  of  latitude  at  Rochville^  Md, 

Similarly  we  have  for  level  STo..  13,  the  lower  ]eyel|  graduated  from 
COttollOdivifiions: 


Jantiaty       11,1899 

12, 13, 189a 

May  18, 1891 

Januaiy        13, 189a 

Mean 


//  o 

I  dirision  =  1*393  at  —    0*4  C 

"•374       +    9*6 
1-342       +  19*2 

i-34«       +  37*9 


1-361       +  iM 

:h  8 

N.  B. — A  series  of  observations  made  on  the  same  day  as  above 
(May  19)  was  rejected  for  like  reason. 

In  the  latitude  reduction  the  average  value  or  V''^2  :t  0^^*010  was 
used  irrespective  of  the  temi>erature,  changes  ot  which  apparently  do 
not  sensibly  affect  the  value.  As  each  level  was  read  twice  before  and 
after  reversal  of  telescoi>e,  any  error  of  reading  could  readily  be  detected. 

The  investigation  of  ike  value  of  the  micrometer  screw, — ^A  large  num- 
ber of  observations  were  made  to  dj&termine  the  value  and  irregularities 
of  the  screw.  This  was  the  more  demanded  since  the  sums  of  the  mi- 
crometer corrections  to  the  latitude  do  not  exactly  balance  in  the 
several  groups.  Observations  were  made  about  the  time  of  elongation 
of  the  star,  and  for  that  part  of  the  screw  contained  between  20  and 
40  tarns,  also  for  ^,  ^,  and  f  turns.  Corrections  were  applied  for  devi- 
ations from  the  mean  state  of  level  during  a  series  of  observations,  also 
for  curvature*,  but  not  for  rate  of  chronometer,  which  was  too  small  to 
have  any  effect.    The  correction  for  differentisd  refraction  was  applied. 


Whole 

Rela. 

No. 

of 

set. 

Date. 

Star. 

EIoa> 
fCatioD. 

turns 
and  frac- 
tions. 

Temper- 
ature. 

Value  of 
one  turn. 

Probable 
error. 

tlve 
weight 

\ 

0 

// 

// 

1891,  June 

8 

^  Urs.  Min. 

E. 

itoi 

+16-5C. 

44-641 

±0008 

2 

I 

9 

X  Urs.  Min. 

E. 

itoi 

+20-5 

•660 

8 

2 

2 

10 

X  Urs.  Min. 

E. 

itoi 

-f2I-0 

-616 

4 

2 

3 

Sept. 

18 

a  Urs.  Min. 

E. 

itoi 

+24-5 

•637 

9 

I 

4 

19 

a  Urs.  Min. 

E. 

|tO| 

+21-7 

•632 

9 

I 

5 

21 

a  Urs.  Min. 

E. 

i^oi 

+23-3 

•613 

5 

2 

6 

23 

a  Urs.  Min. 

E. 

jtoi 
Jtoi 

+250 

•660 

II 

I 

7 

24 

a  Urs.  Min. 

E. 

-i-22-O 

•653 

8 

I 

8 

1892,  Jan. 

27 

a  Urs.  Min. 

W. 

itoi 

—  7-0 

•740 

10 

0 

Feb. 

22 

a  Urs.  Min. 

W. 

itoi 

+  2*9 

•683 

10 

I 

9 

23 

a  Urs.  Min. 

W. 

itoi 

+  0-4 

-666 

6 

2 

ID 

Mar. 

3 

a  Urs.  Min. 

w. 

Jtoi 

+  1-9 

•653 

4 

2 

II 

9 

a  Urs.  Min. 

W. 

itoi 

+  7-6 

44634 

±0-005 

2 

12 

*  A  table  was  used  for  the  yarions  yalnes  of  }  (15  sin  1")*  1* 

When  these  values  for  one  turn  at  the  several  temperatures  were 
plotted  they  indicated  a  dependence  on  t  and  t*.    They  were  treated 
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aec^rdiii[^ly,  aud  the  expression  for  value  of  one  turn  or  rQ>*oli 
of  the  screw  or  E  =  44"-6773  -  0-00865  t  +  0-000311  fi  was  found  to 
resent  the  above  tabular  values,  but  wheu  applied  for  the  reducti< 
the  latitude  observations  made  at  low  temperature  the  formula  £ 
to  be  satiafactory.  It  became  evident  that  the  micrometer  observal 
made  at  the  temperature  —  7^*0  G.  had  to  be  rejected,  though  not 
pected  at  the  time.  The  12  conditional  and  2  normal  equations  ' 
then  formed  anew,  whence  the  final  value  B  =  44'''6606  —  OKWll. 
It  represents  the  observations  as  follows: 


Set* 

R 

observed. 

R 

computed. 

C.-O. 

// 

// 

n 

I 

2 

3 
4 

44-641 
660 

•616 

•637 

44.642 

•637 
•636 

•632 

+•001 
—  •023 
+•020 
— -005 

5 

6. 

7 
8 

•632 

•613 
•660 

•653 

•636 

•634 
•632 

•635 

+•004 
+•021 
—  028 
—•018 

9 
lo 

•683 
•666 

•657 
•660 

.^•026 
— '006 

II 

12 

•653 
•634 

•658 
'652 

+•005 
+•018 

The  probable  error  of  an  observation  of  unit  weight  is 

^75/^=  ±  0".016 

and  the  probable  error  of  resulting  value  of  B, 

0-015 


Vl9 


=  ±  0"-0034. 


It  may  be  remarked  that  the  screw  has  100  threads  to  the  inci 
to  2.540  cm. ;  hence  one  turn  moves  the  thread  \  mm.  aud  one  divi 
corresponds  to  a  linear  move  of  0-0025  ram. 

Investigation  of  the  progressive  and  periodic  inequalities  of  the  sere 
The  value  of  the  screw  for  the  successive  intervals  40  — 30, 39f  — 
39J  — 29J,  39J  — 29J,  39  —  29  turns,  etc.,  gave  the  above  ave 
value  of  E  for  the  whole  screw  from  turn  20  to  turn  40;  henc< 
comparing  this  value  with  the  individual  values  at  the  dift'erent  { 
of  the  screw,  reckoned  firom  its  middle,  and  taking  means  of  corresp 
ing  values  for  all  the  sets  available,  we  get  the  following  correctio] 
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ReiulU  of  observations  for  the  variation  of  latitude  at  Eoehcilley  Md, 


Turns. 

Divisions. 

Adopted 
oorrecUoo. 

Turns. 

Divisions. 

Adopted 
correction. 

fi 

// 

At  40 

+0-2 

-f.09 

At  30 

+-05 

+•15 
+  18 

39 

+0-I 

.00 

^2 

-|--oi 

38 

— 0-3 

—.04 

28 

-I-07 

+•18 

37 

— o-i 

.00 

27 

4-0-3 

-f'13 

36 

o-o 

+•04 

26 

— 0.2 

■f-13 

35 

+0-3 

4--04 

25 

+04 

-f-09 

34 

CO 

•00 

24 

-|-o-i 

-f-04 

33 

—0*3 

—•04 

23 

4-0-0 

—•04 

32 

— o-i 

—•04 

22 

— 08 

—  13 

31 

— 0-2 

+•04 

21 

— 0'6 

— -22 

— 

..... 

20 

— 0-8 

—•31 

The^adopted  corrections  are  simply  the  smoothed  oat  valnes  of  the 
preceding  column  converted  to  seconds  of  arc.  Thus  between  40  and 
30  tarns  the  screw  is  quite  perfect,  but  less  so  towards  the  other  end. 

The  micrometer  reduction  to  the  latitude  iacludes  this  correction. 

Periodic  inequality  of  the  screw. — ^A  discussion  of  the  measures  of 
qnarter,  half^  and  three-quarter  turns,  indicated  that  any  periodic  ine- 
quality of  the  screw  was  too  small  to  be  detected  with  certainty  from 
the  material  on  hand;  the  mean  correction  from  13  determinations  at 
any  of  the  above  fractional  turns  would  not  amount  to  0''*02. 

Intervals  of  the  micrometer  threads  1, 2,  and  3. — ^The  part  of  the  screw 
utilized  in  the  latitude  work  generally  falls  between  turns  20  and  40, 
but  for  larger  micrometric  differences  the  fixed  threads  1  or  3  were  em- 
ployed instead  of  2,  the  middle  thread.  By  means  of  a  collimator  a 
aeries  of  measures  of  the  intervals  was  made  with  the  following  results : 


September  sx,  sSgx. 
Space  between  threads  I  and  2 
Space  between  threads  i  and  3 
Space  between  threads  2  and  3 


Turns  and 
divisioos. 

9    9418 
19   9763 

10  03-45 


// 


Diff.  from  10  whole  tumi  2*60 
Diff.  from  20  whole  turns  1*06 
Diff.  from  10  whole  turns  1-54 

Thread  3  was  found  unsatisfactory,  it  being  slack  and  dragging  on 
the  vertical  threads,  and  was  soon  abandoned.  About  June  12, 1892, 
the  spring  holding  the  micrometer  slide  became  weak;  the  slide  was 
therefore  removed.  The  space  1  to  2  was  found  to  have  changed  in 
consequence,  and  was  redetermined  August  24  and  26,  1892.  The 
weighted  mean  of  six  sets  of  measures  gave  the  value  4^^-91  for  the  dif- 
ference trom  ten  turns,  which  quantity  was  used  after  June  12, 1892. 

The  reduction  of  the  observations  for  latitude  was  made  in  the  usual 
way,  checked,  scrutinized,  and  results  tabulated.  A  few  obvious  mis- 
readings  of  the  whole  turns  or  other  similar  errors  were  corrected  and 
a  tew  observations  with  results  too  wide  from  the  truth  for  a  possible 
error  of  measure  were  rejected  with  the  consent  of  the  observer.  In 
all,  1789  individual  results  for  latitude  were  secured.  These  are  given 
in  the  following  table : 
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n.  &  COAST  AKD  GEODETIC  SUBVET. 


^ 

Ecsultsfor  latitude  of 


Pair  No... 


C.  and  G. 
S.  Cat 


} 


1891. 
June   13 

15 
24 

as 


July 


Aug. 


Sept. 


2J 

5 
6 

10 

12 

21 

22 
27 
29 

31 

7 

9 
10 

II 
14 

15 

t7 
22 

I 

3 

7 

9 

10 

13 
13 

14 
15 

17 


I. 


6. 


8. 


10. 


II. 


1184  1198  1215  1231 
I 188  1206  1220  1241 


1247  1262  1280  1 316  1336  1360  1382 
1254  1275  1294  1330  1354  1367  1386 


9-57  10*22  10*71  10*77  9*^  9*96  '<^9'  1^23  10*50 

9*46  10*50  10*36  10*65 10*32  11*13  lO'^  lo*^ 

10*33  10*54  10*90  10*24  11*04 

9*83  10*32  11*50  10*78  11*30 

10*48  10*31  11*27  10*49  11*02 


10-85  iO'85 

10*85  10*76 

IO-74 

iO'95  10*94 

10*67  10*99 


11*13  11*30  11*36  10*66  io*93  10*88  10*87 

10*56  11*13  11*17  10*46  10*60  10*51  10*44 

10*66  10-36  11*13  10*43  10*72  10*45  _  10*90 

10:51  10*52  10*79 

11*22  9*99  10*10 

11*19  10*47  10*32 

10*35  10-21  10*63 

969  10*61  I0-21 

10*62  10*56  10-57 
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12.    13.    14.    15.    16.    17.    18.    19.    20.    21.    22.    23.    24. 
1392   1407   1424   1442   1456   1473   1502   1539   1589   1628   1648   1676   1 7 18 

IJ97  1418  1432  1448  1462  1476  1514  1547  1608  1641  1666  1690  1741 


11-60 

10-54 

9-9S 

10*96 

10-64 

11-97 

11*25 

9-45 

11*11 

11*42 

II-6I 

11-05 

10-83 

10*71 

11*25 

10-93 

977 

10*41 

II-8I 

10-99 

11*46 

10-95 

11-14 

11-46 

9-61 

10*55 

11-90 

11-09 

10-50 

11*22 

"•35 

I1'20 

950 

io*6j 

12-06 

10-97 

10-96 

11*66 

II-8I 

u-57 

9-72 

10*78 

1 

11-57 

>o-93 

IO-88 

10^3 

11-05 

11-55 

956 

10*83 

1 1 79 

10-64 

987 

11-07 

•.  -. 

11-45 

995 

-•  -- 

II'20 

10-30 

IO-43 

11*19 

10*43 

10*96 

953 

973 

io*8o 

IO-37 

IO-33 

10*24 

IO-33 

11-54 

10-98 

9.83 

974 

10-58 

10-76 

935 

10*08 

10*08 

IO-59 

10-15 

10-51 

IO-6I 

11-42 

10-50 

9-96 

10-65 

10*68 

11*06 

9-78 

958 

10-32 

10-20 

10*09 

10-69 

10-48 

11-50 

10-55 

9-86 

10*87 

10-71 

10-89 

9*91 

10*29 

10*28 

9*68 

--  .• 

••  _  - 

MM         »      — 

11-58 

10-83 

10-40 

10-63 

IO-93 

•_  _ _ 

989 

10-38 

10*70 

10-39 

10-57 

10*65 

10*84 

11-45 

i«y79 

10*16 
10*40 

10*57 
10*87 

«>*34 
10*64 

IO-53 
11-27 

11-17 

974 
9-85 

998 

10*23 
10-29 

9*93 

10-16 

10-28 

10*24 

10-71 

10*23 

- 

10-02 

§ 

11-00 

10-29 

10-28 

10-10 

10-40 

10*89 

9-74 

10*63 

11*13 

ii-ii 

9-82 

10*17 

10-09 

«•  -. 

IO-39 

10*61 

10*42 

10-04 

10*82 

10-93 

11*22 

975 

.9.98 

10-36 

10*30 

IO-55 

10-62 

1036 

9-56 

10-18 

10-90 

10*70 

# 

10*89 
II-II 

lo-oi 
10*02 

10-17 

10-31 

10-58 

9.97 

10-25 

10-16 

10-17 

IO'I2 

11*10 

"9-48 

10-68 

10-34 

■9-87 

ro-55 

10-59 

980 

IO'2I 

10-41 

10-72 

1028 

10*13 

10*20 

10*33 

10*68 

10-09 

10*93 

IO-34 

9-30 

IO-94 

io*o6 

10-45 

10-58 

10-07 

10-39 

10-19 

• 

10*10 

9-55 
9*71 

10-18 

10*26 
984 

I0'20 

983 
9-89 

10*30 
I0'34 

10-28 
10-50 

10-61 

10-20 

10-23 

1056 

1009 

10-32 

990 

10-19 

10*85 

10-08 

10-00 

987 

I0'6l 

xo-54 

30 
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Pair  No 

•-_-- 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35- 

C.  &  G 

.  S. 

1756 

1801 

1819 

1852 

1885 

1917 

1948 

1968 

1974 

2004 

2026 

Cat 

1 

1779 

1809 

1825 

1859 

1896 

1926 

"959 

I97I 

1984 

2020 

2043 

Aug. 

7 
9 

10*64 
10*67 

io*97 
10*86 

10*80 
1 045 

10-21 
IO-54 

lO 

II 
H 

1061 

11-04 

10-67 

10-34 

*  «    M  _ 

••—  •  a 

_•  »•• 

•0  ~  _ 

Sept. 

15 
17 

22 
I 

10*40 

10-62 

10-76 

10*32 

10-70 

10-72 

10-21 

10-40 

9-54 

10-58 

10*91 

10-26 

10-88 

10-25 

10*07 

9-89 

_„  _ _ 

10*74 

IO-68 

[o*6o 

10*72 

10*71 

3 

10*15 

IO-86 

10-42 

10*17 

995 

9*90 

10-54 

10-46    ] 

Jo-35 

996 

10-03 

7 
9 

10-39 
1027 

IO-86 
10-76 

10-20 
10*36 

10*14 
10-40 

>-  -• 

10-50 

10*78 

10*50    ] 

[0*79 

10*84 

10*27 

lo 

10-75 

10-97 

1065 

10*38 

9*95 

10*38 

1063 

10*62    1 

10-30 

10*87 

10*10 

12 

IO-35 

10*78 

10-28 

lo-oo 

989 

10*07 

1006 

9-98    1 

to*  1 2 

IO-68 

9*66 

13 

10*42 

iO'99 

10*84 

10*26 

9.99 

10*68 

10-64 

10-67    ' 

10-30 

10-64 

10-13 

1$ 

10*20 

10-78 

10-92 

_  _    •  _ 

9.99 

10*27 

10-72 

10-44    ] 

[0-48 

10-36 

10-13 

17 

IO-39 

10*96 

10*09 

10-17 

9-69 

10*36 

10-28 

10-17    ' 

[0-37 

10-68 

9*95 

i8 

11*27 

IO-57 

9*82 

10*21 

10*64 

IO-45 

io'o8    ] 

[057 

IO-68 

971 

« 

19 

11*30 

irii 

10-45 

lo-oi 

10*62 

10*41 

10*23    ] 

10*84 

10*62 

10-38 

ai 

10*66 

io*39 

10-46 

9.97 

10-34 

10*07 

10-32    1 

IO-44 

10-78 

10*26 

- 

33 

10-84 

10-72 

10*40 

10*05 

1074 

IO-37 

10*62    1 

[0*96 

10*50 

10-87 

24 

10*66 

10*43 

9-95* 

9*53 

9-41 

9*93 

10-11    1 

[0*28 

IO-35 

987 

25 

11*14 

10*72 

9.76 

994 

10*48 

to*  20 

10-15    ] 

10-49 

IO-47 

9*96 

26 

11*14 

1077 

10*38 

9-93 

994 

10-15 

10*37    1 

10-15 

10*40 

999 

28 

10-90 

10*64 

10*10 

10*25 

10*26 

10*19 

10-42    1 

[o*37 

IO-77 

I0*02 

30 

10*96 

IO-66 

10*50 

—  -  - — 

9-91 

1003 

IO-34    1 

10-45 

IO-33 

9*78 

Oct 

3 

"•57. 

io*59 

IO-33 

10*47 

Q-97 

10-82 

10*13    1 

IO-44 

1073 

10*23 

5 

IO-86 

io*33 

10*48 

985 

io-o8 

IO*22 

9-92    1 

10-59 

IO-75 

10*07 

9 

11-24 

io*79 

lO'II 

1013 

10-67 

10*06 

10-24    1 

[I-04 

10*65 

lO'IO 

14 

10-85 

IO-57 

10*38 

10*05 

10*29 

1007 

10*39    1 

:o*38 

IO-59 

10-30 

15 

10*95 

10*42 

10*16 

10*17 

10-46 

io*o6 

996    1 

10-78 

10*62 

991 

16 

11*04 

IO-8I 

10*24 

1018 

10-12 

10-17 

lO'IO     1 

io*o6 

10*22 

9-88 

17 

IO-73 

10-13 

10*06 

979 

975 

9.99 

10-13  J 

[0*69 

10-05 

lO'OI 

22 

IO-33 

963 

^3 

• 

10-89 

IO-43 

24 

IO-88 

10-10 

28 

• 

10*28 

976 

29 

10*76 

977 

30 

10*85 

10-59 

31 

10*28 

Nov. 

I 

a 
6 

7 

9 

17 
18 

20 
23 

24 

29 

30 

« 

10-54 
xo-35 
10*05 
1052 

I0'3o 

9*53 
9*52 

9*37 
9-58 

10-07 

Dec. 

I 
4 
5 
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36.     37.      3«. 


39- 


40.       41. 


42. 


43. 


44. 


45" 


46.        47. 


2047   2059    2070    2093    2131    2154 
2055  2063    2078    2121    2142    2159 


2178 

10 

27 

45 

66 

93 

4 

22 

32 

55 

77 

III 

10^56 10-59    9*83   i<ri3 

10*63  10*^5  10-14   10-46  11*08 


10-53  JO'75     9*95    10-02   10-97 


10-42  10-39 
10-88  1082 
10-30  10-85 

10^45  10-76 
1062  10-79 
10-49  JO'56 
10*40  10*40 
10*23  10-35 

9-9^  I0r73 

10^36  10-87 

10*77  10-84 
10*50  10-58 
10^13  10-42 
»o*45  ii-oi 
10*42  10-65 
10^33  10-13 
»0'42  10-59 
9*88  10-25 


9-81 

IO-33 
998 

10-36 

10-13 

9*59 
10-15 

9-82 

10-I8 

9*8o 

9-86 

9*45 
9-68 

10-04 

9*95 
9'6i 

1005 

9-72 


10-27 
10-01 
10*19 
io-6o 
10-78 
10-07 
10-06 
10-27 
10-29 
10-59 

10-49 
10-13 

10-41 

994 
10-19 

10-24 
IO-53 


10-62 
10-52 
10-67 
10-90 
10*91 

10-47 
1073 
io*o6 
io'6i 
10-84 
10-71 
10-56 
10-28 
10-36 
10-30 
io*77 


10-30 


lo-oc  10-57 

9-92 

994 

10-59 

10-29 

10*52 

10*85 

10*47 

10*23 

10*15 

10*57 

10-36 10*38 

9.92 

9*68 

10-91 

10-25 

9-46 

10*13 

10-50 

9-85 

9-27 

lo-io 

10-16  9.75 

10-09 

lO-II 

lO-Il 

10-21 

10-39 

10-83 

9.92 

10-94 

10-37 

10-46 

10-58 10-46 

973 

10*25 

1087 

10-52 

10-60 

11-26 

10-70 

10-60 

10-62 

10-31 

'0'37  10-51 

10-15 

10-75 

10-77 

to-50 

10-69 

11-09 

10*65 

10-99 

1067 

10*41 

10-58  10-30 

9-67 

10-06 

10-48 

10-13 

IO-57 

11-30 

10-96 

10-92 

10-79 

10*56 

10D3  10-67 

954 

9-88 

10*41 

1081 

10-40 

iO'6o 

10-11 

10-45 

10-19 

10-38 

10*36  10-42 

9-38 

9*93 

1080 

9-98 

10-19 

10-83 

10*37 

10-56 

10-02 

10*09 

9-86  10-28 

959 

9.97 

10-63 

10-38 

10-49 

11-09 

10-42 

10*89 

10*42 

10-17 

10-23  10-41 

9-95  10-19 

IO-75, 

10-45 

10-20 

10-63 

991 

10-38 

990 

10-65 

10-91 

10-29 

-  _  —  - 

10-5S 

11*19 

10-65 

10-80 

10-78 

1021 

10-33 

10-43 

10*75 

11-37 

9*70 

• 

10-69 

10-75 

10-48 

10-07 

10*98 

10-04 

10-57 

10-34 

10*64 

10*26 

10-14 

10-91 

10-08 

10*30 

10-18 

10-34 

10-26 

10-59 

10-45 

10-24 

10*19 

10-25 

1025 

10-30 

1034 

IO-73 

lo-oo 

10-11 

' 

1030 

IO-74 

10*67 

11-17 

-.  -  - 

..   _. 

.—  -- 

• 

10-50 

10-37 

10*51 

10-66 

10*68 

10*30 

10*14 

IO-43 

IO-73 

10*56 

10-33 

10-55 

10-41 

..   _> 

IO-74 

..  .. 

10-58 

10-67 

10*76 

1048 

IO-44 
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Pair  No.... 

48. 

49- 

* 

SO. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

C.  &  G.  S. 

»3* 

176 

202 

220 

242 

259 

275 

292 

306 

370 

Cat. 

150 

196 

208 

232 

250 

263 

287 

297 

331 

378 

1891. 

• 

Oct.        23 

10*66 

24 

10-58 

28 

1073 

29 

II'OO 

30 

1040 

31 

.  .  .• 

/ 

Nov.         I 

xo'53 

2 

IO-54 

6 

1008 

7 

10*41 

9 

10*64 

■ 

«7 

_—  .  . 

18 

998 

11-17 

.• .  - 

iri4 

IO-34 

10*24 

9-09 

90$ 

20 

10*62 

10*09 

9*91 

11*42 

io*77 

IO-77 

IP- 1 3 

990 

23 

io-6o 

975 

10*48 

io-8o 

10-74 

IO-43 

10*10 

963 

24 

IO-34 

979 

10-31 

II-IO 

10*52 

10*32 

9*47 

976 

29 

9.99 

9*80 

10-30 

10-77 

IO-57 

10-60 

963 

971 

30 

»   «        WW 

.  .  .  . 

_  _  .  — 

--  . . 

..  -  — 

.  .  _. 

*. 

— .  .. 

Dec.         I 

4 

970 

974 

10-58 

10-92 

11*15 

10-87 

io*o6 

9*98 

w 

IO-73 

1038 

10*45 

"•34 

10*83 

iO'7o 

10*30 

10*05 

8 

10-58 

10*03 

10*50 

Ii-t6 

10-76 

10*54 

10-23 

9*91 

IO-75 

977 

9 

1 1  07 

xo-74 

10-87 

11*62 

10*68 

10-53 

10-47 

9*9^ 

II'02 

9-86 

10 

11*07 

9.96 

10*17 

"33 

11*05 

10-49 

9-72 

to*  2 1 

10-67 

977 

13 

10*94 

9*>>9 

10*60 

11*03 

10-82 

10*69 

10*89 

9*80 

10*24 

956 

18 

10-13 

992 

10-43 

10*72 

IO-44 

9-90 

9*57 

979 

10*28 

9*53 

28 

11*32 

10*24 

IO-37 

10*78 

10-50 

»o-3S 

9*99 

9-68 

10-84 

949 

30 

10*41 

9*76 

lO-OI 

10*99 

10-46 

10*07 

982 

9'37 

10*89 

8-94 

1892. 

Jan.          7 

9-46 

9*51 

IO-53 

923 

8 

10*01 

983 

— —  .  . 

964 

16 

975 

IO-47 

1044 

828 

20 

984 

1016 

10-61 

944 

21 

10*26 

9-48 

10*78 

8-46 

24 

9*62 

9*46 

10*48 

Z^ 

25 

9.92 

946 

10*92 

9*49 

28 

3' 
Feb.        10 

V 

10-20 

9*68 

1078 

13 

15 

17 

* 

Mar.       10 

12 

, 

14 

16 

19 

20 

21 

23 

24 
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58.      59.     60.     61.     62.     63.     64.    65.    66.    67. 

39a     430    463    483    512    531    562    606    700    718 
417     456    479    491    520    533    577    611    70s    729 


IO-75 

11-04 

10^28 

IO-5J 

10-84 

11  03 

10-89 

10*58 

10-46 

IO-77 

10-57 

-•  — « 

10-25 

II -02 

10*98 

10-55 

9-91 

IO-95 

10-57 

10-89 

10-43 

1078 

II  05 

929 

10-15 

10-85 

10-55. 

10-82 

10-78 

1063 

11*50 

10*51 

10*61 

11-02 

10-48 

987 

10-59 

10-74 

-.  •• 

.. .. 

•  -  ^  - 

--  -- 

•  _  — . 

..  .. 

lo-io 

10-83 

10*17 

10-60 

io*o8 

IO-37 

959 

9-61 

10^21 

IO-44 

9-51 

1013 

10*63 

10-35 

10*12 

-  —  -•• 

• 

10-25 

10'2I 

10-84 

10-68 

io*8i 

10*48 

10*38 

976 

10-02 

996 

10-09 

10-39 

10-60 

iroo 

10-50 

9-82 

1074 

10-14 

9-85 

10*77 

10-54 

io-8o 

10*21 

969 

10*42 
10-34 

10*21 
10*29 

9*91 
9*62 

10*45 
10*85 

10*52 

10-16 

9-64 

10*42 

963 

10*66 

10*71 

10*52 

10*73 

10*97 

10*49 

9-62 

10*70 

1055 

10-04 

10*29 

10*34 

10*42 

10*73 

10*37 

IOI7 

10-10 

9-87 

10-68 

10-06 

10-47 

10*57 

10*88 

10-90 

1078 

IO-68 
10-41 

10*61 

10-38 
io*i6 
10*23 
10-46 

10-36 
10-36 

10-27 
10-12 
10-33 

950 

lO'OI 

986 

10-17 

953 

10-60 
10-08 

8. 

Ex.  37— 3 
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:  Pair  No 

I 

I 

!  C.  &  G.  s. 

Cat. 


1892. 
Jan.    31 


Feb. 


Mar. 


Apr. 


M"«y 


10 

13 
15 

17 

10 
12 

«4 
16 

19 

20 
21 

23 
24 
28 

29 

4 

9 
II 

12 

13 
16 

19 

23 

26 

27 
29 

30 
3 
4 

5 

7 
8 

9 
16 


68. 

745 
757 


69. 

769 
776 


70.    71. 


781 
792 


796 
804 


72. 

8'3 
825 


73. 

835 
842 


74.   75--   76. 


849 
865 


873 
888 


911 
921 


77. 

926 
932 


990   976   995 

1076  io*37  10-42 
10-20  10-30  IO-C9 
10-27   10-43   ^0*25 

10-69  '0*32  

10-97  10-66  10-38  io*56  lO'ii —  .- 

1012  io-i8  1038  lO'io  10-19  lo-oi  1077     8*99    io-6i     10-54 

10-46  9-81  lO-OI  IO-o8  10-41  I0-20  

10-24  10-32  10-31  10-49  9*87  10-27  IO-68     9-38    iO'44 

IO-2I      10-15       9*91      10-40  10-26       9-81  10-48     9*45    10.39  ia*04 

10-56      10-27      10-00      11-29  9*98      I0-20  9-76    io-6o  9*94 

i<5-39      10-39     10-40     _    

10-49     10*75     '0'43     10-77  10*13     loio  10-78 -    

10-39  ^<^'33     1028  10-46     9.75     9-64  10*09 

• 

10-71  10-53     10-30  10-74 

10-82  10-57     10-32  1105    IO-22   1058  io*55 

10-32  10-30     10*41  10-83     9*83   10-70  10*15 

10-67  IO-66     10-32  ii*o8     9-61    10-43  ^^'33 

10-25  10-17      'o**3  10-65     9*68   10-62  10-57 

11*05      iO'99     XO'63    ix*oi    10*16   10*12    10*26 

1018 
10*38 
10*41 
10*31 

lo- 1 1 
11-10 
10*38 

IO'22 
10*26 

IO-39 

10-89 

983 


June 


17 
19 
23 
24 
25 

28 
30 
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78. 

79- 

80.    . 

81. 

82. 

83. 

84. 

.  85. 

86. 

87. 

936 

952 

966 

1003 

1022 

1044 

1063 

1094 

1118 

i^ZI 

945 

958 

976 

1010 

1035 

1057 

1070 

1 109 

1 128 

1149 

10-60 

9<4 

IO'25 

• 

lo-ii 

io>6o 

• 

^ 

10-54 

9-64 

10-42 



IO-7S 

10-78 

V        -  — 

M  ^    «^ 

.-  --. 

•—  .•• 

10^61 

984 

10*29 

10*19 

10*50 

10-61 

lo-oi 

10*26 

IO-45 

10*67 

lo-ss 

^^   «  w 

w      •.• 

•  •    w 

•—  •* 

f 

IOr66 

10-33 

10-15 

IO-47 

10-73 

10-63 

_•  — — 

•  —    •  • 

•—  — _ 

..  •— 

II-IO 

10-09 

10*64 

10-67 

10*77 

H"2I 

10-91 

lo-oi 

IO-77 

10-96 

ior79 

10-23 

10*55 

10*78 

10*63 

10*86 

IO-73 

10- 1 1 

10-41 

10*24 

IO-88 

10-16 

10*50 

10-98 

10*82 

10-88 

10-49- 

10-37 

..  .- 

_..  _-. 

•«  -• 

»•  — • 

am^     MM 

_•  — • 

^^     ^mm 

IO-95 

10-24 

10*40 

11*05 

10*64 

IO-86 

IO-37 

10-29 

10*71 

11*05 

..  .. 

..  -. 

•  —  -- 

10*40 

10*67 

10*96 

10-48 

IOI8 

io*6i 

«o*73 

10^77 



10*77 

10*86 

11-30 

II  02 

10*87 

10-44 



IO-86 

IO-37 

10*20 

10*24 

10-85 

10*70 

10*67 

10-50 

987 

10-48 

io-6i 

10-87 

IO-34 

10-58 

10-89 

10.75 

10-83 

IO-55 

10*31 

10-48 

io*44 

11*17 

10-38 

10*59 

10*65 

IO-73 

10*46 

IO-74 

10*34 

10*20 

10-68 

10-33 

9-73 

10*72 

IO-77 

10*74 

11*10 

io*i6 

10-55 

10*40 

10-88 

10*91 

10*62 

10*16 

10*51 

10-41 

10*78 

10*49 

990 

10*39 

10*39 

10*70 

10*71 

.-  .- 

— •  _  _ 

11-17 

10*92 

IO-34 

IO-39 

10-82 

11*07 

IO-39 

10*03 

10*32 

40-44 

10*86 

IO-39 

10*17 

10*61 

10-59 

10-85 

10*47 

977 

IO-59 

10-46 

10*53 

10*24 

io-i6 

10*38 

10-49 

» 

■ 

10-67 

io*54 

lo-oS 

10-50 

10-37 
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Pair  No 

^  ^  mm  ^ 

88. 

I. 

2. 

3. 

4- 

■A 

5- 

6. 

7. 

8. 

9. 

C.  &G. 

s. 

1 162 

1 184 

Ii9t 

I2I5 

4 

I23I 

1247 

1262 

1280 

1316 

1336 

Cat. 

"7S 

II88 

1206 

1220 

1 241 

1254 

1275 

1294 

1330 

«354 

1892. 

Apr. 

23 

26 

27 
29 

10*19 
1039 

10*70 

IO-34 

II  n 

^  »     mmmm 

30 

ifo6 

10*70 

May 

3 

4 
5 

10*14 

10-33 

to*  20 

997 

7 

I0-20 

9.92 

8 

1039 

9-83 

9 

10-58 

IO-88 

16 

lO'OO 

10*14 

io*o8 

10*33 

10*53 

10*17 

10*72 

IO-45 

09-97 

17 
19 
23 

10*04 

9*86 

977 

IO*2I 

980 

IO-37 

10*17 

'9-84 

10*49 

10*22 

10-55 

10*78 

II'02 

10*67 

24 

10*19 

lO'Ol 

9*93 

10*09 

10*45 

10*32 

MM        MM 

mm  ^      ^  ^ 

^«    ^ ^ 

25 

IO-59 

10*09 

io*o6 

10*45 

10-84 

10*14 

IO-45 

10*99 

10*04 

28 

10-38 

9.92 

10*05 

10-51 

10*09 

1055 

IO-44 

10*70 

10-16 

30 

1015 

996 

9-81 

10*36 

10*57 

IO-35 

1 041 

10-65 

10*04 

June 

I 

10-28 

9*88 

10*11 





1056 

10*38 

IO-86 

10-08 

2 

996 

991 

10*41 

10*35 

10*34 

10*36 

10-69 

0-14 

10-62 

6 

10*07 

1007 

io*7i 

10' 20 

10*46 

— •  •  _ 

11*21 

— »  •  • 

_ »  _- 

II 

9-63 

9*65 

IO-66 

10*18 

10-14 

IO-45 

10-46 

1014 

10-25 

12 

972 

9*21 

10*23 

10-52 

_  -  —  - 

1023 

10*50 

lo-oi 

10-46 

13 

995 

9*91 

10*29 

10-51 

lO'OI 

996 

10*73 

9'94 

10-51 

15 

996 

lO'II 

io-i6 

9.97 

989 

10*71 

IO-37 

9.99 

10-25 

16 

9.72 
9*71 

17 

N 

"9*82 

10*31 

10*83 

MM         MM 

10*80 

10-63 

^   ^          MM 

10*73 

20 

9' 20 

9*65 

10*32 

1049 

10-21 

10*36 

10*69 

1006 

•  •  .•• 

21 

934 

9*64 

1085 

10-63 









23 

974 

975 

9*42 

9.92 

10-38 

10*58 

1 108 

10-32 

10-85 

25 

952 

10*01 

10*26 

II-I9 

•  ~   —  — 

9*89 

10-12 

10*89 

10*62 

26 

963 
9.9a 

9-44 
lO'XI 

983 
10*38 

10*11 

9*95 
10*44 

29 

10-59 

10*38 

IO-68 

io*i6 

10-48 

July 

7 

10*36 

10*38 

IO-68 

10*26 

IO-45 

8 

9*76 

10*48 

IO-43 

9'59 

10*13 

9 

990 

10*41 

10*65 

io*oa 

10*39 
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lO.  II.  12.  13.  14.  15.  16.  17.  18.  19. 

1360       1382        1392      1407      1424      144%      1456      1473      150^     1539 

1367  1386  1397         1418        1432  ^     I44ff        1462        1476       15x4      1547 


lo-Si 

^^  ^^ 

10-36 

10-55 

10*52 

10-39 

10-42 

10-37 

10^52 

10*24 

11*71  lo-Sl       11-44       '»•<>*       »<>*9»       —  —  —  —    

ii'9i  10-59     '11*07       10*83       10*69       

11*72  10*83       10*94       10*84       10*67       iO'94  9'57  9'93 

11*50  io*66       1 1*  1 1        10*66       10*54       11*37  -.  —  10*34 

11*65  10*70         9*87       10*76       10*93       

10-47         10-40       i'*35  

IO-49         io'49       ''*^'  '°**'        *°'^S        1074       10*73       1123  9*46  1035 

11*52  10*30  10*28 


10-90 
IO-33 

10-63 
10-37 

11*69 
11-65 

11*25 
10-37 

I0'20 
9*08 

11*04 
10*78 

11*07 

IO-47 

IO-59 
IO-33 

11*55 

11-63 

1093 
10*85 

10*36 

9*42 

IO-88 

11*10 
11*03 

IO-54 
ia46 

10-27 
io'4a 

11*32 

II'OI 

10-24 
10-98 

990 
989 

10-75 
10*73 

10*55 
10-91 

11*54  9-87  10*15 

11*50  10*14  10*24 

10*83  9*59  io'i5 

11*23  9*65  10*07 
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COMBINATION   OF   RESULTS    FOR  VARIATION    OF    LATITUDE, 
AS  OBSERVED  AT  ROCKVILLE,  MD.,  IN  iSgi-'ga. 

In  order  to  deduce  any  result  for  systematic  variation  from  the  in- 
dividual results  for  latitude,  as  obtjiined  directly  from  observations,  it 
is  essential  that  in  the  combination,  the  declinations  of  the  stars,  taken 
from  various  catalogues,  should  be  referred  to  a  uniform  system,  and 
at  the  same  time  that  any  change  in  latitude,  whether  periodic,  pro- 
gressive, irregular,  or  any  absence  of  change,  should  not  be  interfered 
with.  This  was  secured  by  the  method  of  combination  adopted  in  the 
reduction  of  the  Berlin  and  other  series  of  observations  as  carried  out 
by  Dr.  Th.  Albrecht*  and  is  the  same  as  followed  for  the  Rockville 
series. 

The  first  step  of  the  reduction  consists  in  dividing  the  whole  series 
of  results  into  groups,  each  of  a  sufficient  number  of  pairs  of  stars  to 
give  a  closely  approximate  value  of  the  mean  latitude  and  with  the 
sums  of  the  positive  and  negative  micrometer  corrections,  as  near  as 
may  be,  balancing  each  other.  The  observer's  arrangement  respecting 
groups  was  altered  with  a  view  of  strengthening  the  connections  of 
the  groups.  At  the  close  of  a  year's  work  the  re-observation  of  the 
same  pairs  of  a  group  would  aflford  the  means  of  improving  the  whole 
series  by  the  introduction  of  the  condition  that  the  closing  error  of  the 
sum  of  the  corrections  to  the  mean  results  of  the  groups  at  the  end  of 
the  year  be  zero. 

The  second  step  is  the  reduction  of  the  declinations  of  each  pair  of 
stars  to  the  mean  declination  system  of  the  group.  Comparing  the 
mean  result  for  latitude  of  each  pair  in  the  group  with  the  mean  result 
by  all  the  pairs — i.  e.,  with  the  mean  latitude  of  the  grouj) — a  correction 
was  obtained  to  the  result  by  each  pair.  In  general,  the  smallness  of 
these  corrections  (as  given  below)  indicate  that  the  tabular  declina* 
tions  were  fairly  accurate. 

The  pairs  constituting  each  group,  the  number  of  days  of  observa- 
tion for  each,  and  the  mean  latitude  for  the  same  are  tabulated  below, 
together  with  the  reduction  of  the  result  by  each  pair  to  the  mean  of 
its  group.t 

*^Provi8ori8che  Reealtate  der  Beobachtungen  in  Berlin,  Potsdam  und  Praj;,  be- 
troffend  die  Veriind'erlichkeit  der  Polhohe,  etc.    Von  Tli.  Albrecht.     Berlin,  1890. 

t  From  these  observations  it  has  been  foaud  that  the  mean  error  of  reduction  to 
the  mean  declination  system  of  a  group  for  a  single  determination  is  J:;  0"'23.  Sinc« 
the  number  of  determinations  of  the  various  groups  ranges  fi:om  eight  to  twenty- 
eight,  the  mean  errors  of  the  reductions  to  the  mean  declination  system  in  the  above 
table  are  within  :k  0''-(M  and  :t  Q"Q6.—Ji:dwiu  ^mi^.— [Added  November  9, 1892.] 
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1 

1 

0 

f      ,      // 

Gronp          I 

Pairs,  9, 10,11,12,13 

Days,  21 

<Pi  =  39    05     IO-83 

II 

14,  IS, 16, 17, 18, 19 

19 

<pi\ 

10-53 

III 

20,21,22,23,24,25 

12 

^\i 

10-30 

IV 

26,27.28,29,30,31,32,33 

21 

<p\r 

1038 

V 

34. 35»  36, 37, 38, 39, 4© 

28 

<Pf 

1032 

VI 

41,42,43,44,45,46,47,48 

16 

<Pr\ 

IO-43 

VII 

49,50,51,52,53,54,55 

13 

^»ll 

1036 

VIII 

56. 57,  58, 59. 60, 61 

12 

<PiUl 

1032 

IX 

62, 63, 64, 65 

8 

<P\K 

1033 

X 

66,67,68,69,70 

12 

<P* 

1026 

XI 

71,72,73,74,75.76 

9 

^«l 

1033 

XII 

77,78.79,80,81,82 

12 

<Px\\ 

10.49 

XIII 

83,  84, 85. 86, 87. 88 

16 

<PxXA 

10-49 

XIV 

1.2,3,4,5,6,7,8 

13 

(pj\w 

10-26 

tf 

// 

// 

tf 

// 

// 

// 

tf 

Group          I 

Red'n  -f--2i 

-f  -27 

+•28 

—•80 

-f-o5 

II 

+•19 

-_  -30 

—38 

—•62 

+•83 

+•29 

- 

III 

^•w 

•00 

+•27 

—  17 

—•10 

—•10 

IV 

-•60 

—   -20 

-f-i6 

+•34 

+•10 

-\-'\2 

+•14 

-•05 

V 

—•24 

+  -33 

—05 

—•23 

+•42 

4- -lo 

—•31 

VI 

+•05 

+   06 

—•24 

+•04 

— -20 

4--I5 

+•14 

•00 

VII 

+•35 

—    '02 

—•72 

-•35 

—•12 

^■'11 

+•53 

VIII 

—•33 

+  1-03 

—  05 

—34 

— -20 

-16 

IX 

— -20 

—     41 

+•06 

+•56 

X 

—  15 

+  -23 

--•12 

— -02 

+•05 

XI 

—  17 

—  05 

+•09 

—46 

-I--66 

— '07 

XII 

+  18 

—   '26 

+•39 

-f-o6 

—•17 

— '20 

XIII 

—-n 

—  -04 

+•35 

•00 

— -lo 

+  •17 

XIV 

+•40 

+  '13 

—  08 

—  13 

^-•03 

—  17 

—46 

+•12 

The  sum  of  the  corrections  for  each  group  should  be  zero. 

The  precediog  corrections  were  applied  to  tbe  results  of  the  respec- 
tive pairs,  formlDg  a  new  table  of  results  (marked  Ai  Bi  Ci  Di  E|  Fj,  in 
MS.  and  not  reproduced  here)  preparatory  to  the  next  step,  viz : 

Comparison  of  the  mean  decliuation  of  the  groups  by  means  of  the 
results  obtained  on  the  same  night  from  pairs  ranging  over  two  or  more 
groups.  Such  comparisons  between  results  of  the  same  date  leave,  of 
course,  any  changes  in  latitude  absolutely  untouched.  This  third  step, 
then,  consists  in  ascertaining  the  diii'erences  in  the  mean  declination 
system  of  any  two  adjacent  groups  or  overlapping  groups.  For  this 
purpose  all  results  ol  pairs  belonging  to  the  same  group  were  made  use 
of,  and  not  only  those  results  which  form  the  full  or  complete  set  of  all 
pairs  lor  every  night.  For  any  date  common  to  two  or  more  groups,  the 
mean  latitude  was  taken  for  all  pairs  observed  in  each,  and  their  num- 
ber noted  as  the  weight  to  the  mean,  and  the  same  was  done  for  the 
other  groups.  These  comparisons  being  made  for  every  day  of  obser- 
vation, the  final  difference  between  any  two  groups  will  be  that  of  their 
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weighted  means.    The  following  tables  marked  An  Bn  Ca  conti 
these  comparisons: 

Comparison  of  mean  values  of  groups. 


Date. 

XIV. 

I. 

II. 

III. 

IV. 

V.             VI. 

189] 

[. 

// 

// 

// 

// 

// 

//               // 

June 

13 

10-28  8 

10-87. 5 

«o-3S  3 

15 

1039  7 

1 109  5 

1050  3 

23 

1038  4 

11*04  4 

10-65  6 

24 

1049  4 

11-20  5 

10-86  6 

• 

• 

25 

10-52  4 

"•13  5 

10-73  6 

27 

1099  4 

II-I4  5 

ito8  6 

July 

5 

1071  4 

io-8i  5 

10-80  6 

6 

10-52  4 

10-90  5 

iO'6i  4 

10 

IO-66  5 

10-38  6 

10-41  5 

12 

IO-77  5 

10-06  6 

10-41  5 

21 

/ 

10-78  5 

10-28  6 

10-38  5 

22 

10-65  5 

10-42  6 

10-04  2 

• 

27 

10-58  5 

'OS7  5 

10-65  5 

29 

io-8o  5 

10-26  6 

>o-35  5 

31 

10-55  6 

Aug. 

7 

10-48  5 

10-43  6 

10-45  3 

9 

10-43  6 

to-44  5 

10-40  3 

10 

10-46  6 

10-47  6 

10-47  3 

11 

io-o6  4 

H 

10-56  2 

IS 

io-6o  3 

10-28  6 

10*41  8 

10-79  1 

17 

10-28  I 

22 

i<>-39  3 

10-32  5 

i  S^pt. 

I 

. 

10-28  6 

IO-43  7 

10-76  2 

3 

10-26  6 

10-33  8 

10-04  ^ 

7 

10-33  6 

10-19  3  , 

9, 

• 

10-33  6 

10-54  7 

io-6o  2 

lO* 

10-25  6 

10-48  8 

10-40  6 

12 

10-08  6 

10-15  8 

10-50  7 

13 

• 

ie-01   2 

'4 

10-37  6 

10-55  8 

IO-43  7 

'5 

10-26  6 

10-49  7 

10-29  2 

>7 

10-25  6 

10-26  8 

10-31  7 

18 

10-45  8 

10-42  7 

19 

10-62  8 

1043  7 

21 

10-33  8 

10-59  7 

23 

io-6o  8 

10-66  7 

24 

. 

10-04  8 

10-21  6 

25 

10-36  8 

10-27  7 

26 

10-36  8 

10-26  7 

28 

10-39  8 

10-29  7 

30 

10-36  7 

10-33  7 

Oct. 

3 

5 

9 

>4 

15 
16 

10-54  8 
10-29  8 
10-54  8 
10-37  8 
10-37  8 
10-34  8 

10-54  7 
10-31  7 
10-28  7 

10-37  7       IO-3S 
10-30  7 
lo-io  7 

17 

10-16  8 

IO-3S  7 
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Comparison  of  mean  values  of  groups. 


bate. 
1891. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XL 

xn. 

// 

//  • 

//  • 

// 

// 

09 

// 

// 

Oct.  22 

10-01    5 

23 

»0'33  7 

IO-47 

8 

24 

10-32  7 

I0-02 

8 

28 

10-04  7 

10*48 

8 

29 

IO-35  7 

10-70 

8 

30 

IO-57  7 

IO-68  8 

• 

3' 

10-04  I 

Nov.    i 

10-17  7 

10-72 

8 

2 

10-06  7 

10-43 

8 

6 

10-04  7 

10-26  8 

7 

io-o6  7 

IO-53 

8 

9 

10  27  7 

10-35 

8 

17 

IO-77 

6 

18 

IO-44 

8 

10-18  6 

20 

10-52 

8 

10-43  7 

m 

23 

10-41 

8 

10-28  7 

24 

10-32 

8 

10-18  7 

29 

10-25 

8 

I0-20  7 

30 

10-70  4 

* 

Dec    I 

10-36 

8 

IO-47  7 

4 

10-48  6 

S 

10-62 

7 

10-58  7 

8 

10-58 

10-45  7 

10*52  6 

9 

1 1  07 

10-70  7 

10-70  6 

10 

11-07 

10-42  7 

10-48  5 

>3 

10-94 

10-53  7 

10-43  6 

18 

10-13 

lo-ii  7 

10-36  6 

28 

11-32 

10-27  7 

10-31  6 

30 

10*41 

10-07  7 

10-37  6 

1892. 

Jan.     7 

9-92  2 

10-53  6 

10-50  4 

8 

10-35  2 

10-55  3 

16 

10-54  2 

1007  6 

9-91  4 

20 

IO-43  2 

10-06  6 

1018  3 

21 

10-30  2 

10*20  6 

10-36  4 

24 

997  2 

9*97  6 

10-48  4 

25 

lO'I2   2 

10-32  6 

10-31  4 

28 

10-37  X 

IO-45  I 

..    3' 

9*95  3 

10-19  4 

9-93  5 

Feb.  10 

9-85  3 

10-65  1 

13 

10-40  3 

10-45  4 

10-56  I 

»5 

9*99  3 

10-42  4 

lo-ii  < 

„     '7 

10-17  3 

1077  3 

10-40  « 

Mar.  10 

10-44  ^ 

[ 

12 

10-55  « 

5    10-36  a 

>4 

10- 16  1 

)     10- II  6 

10-52  I 

16 

« 

10-13  i 

>    1019  3 

19 

■- 

10-18  1 

;    10*19  ^ 

20 

1013  i 

;    10*13  6 

IO-22    I 

21 

IO-I6  1 

;    10-46  5 

10-12    I 

23 

1043  i 

5 

24 

10-42  5 

;   10-30  4 
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Comparison  of  mean  values  of  groups. 


Date. 

XL 

XIL 

XIIL 

XIV. 

I. 

U. 

1892. 

// 

ft 

// 

// 

// 

// 

Mar.    28 

1014 

6 

1023 

6 

29 

10*42 

4 

April     4 

IO-59 

6 

10-41 

5 

9 

10-40 

6 

10-42 

2 

II 

10-46 

6 

10*29 

6 

12 

10-25 

6 

iO'43 

6 

\ 

13 

10-66 

6 

1036 

2 

16 

10-42 

6 

« 

'9 

10-46 

2 

23 

io-6i 

6 

IO-68 

6 

II'IO 

r 

26 

10-55 

6 

10-46 

6 

1074 

I 

27 

10-58 

6 

29 

io-8o 

4 

30 

io-6i 

6 

10*72 

6 

irio 

I 

May       3 

xo'3S 

2 

10*52 

6 

1073 

I 

4 

10-71 

5 

10-76 

4 

5 

10-44 

6 

10-39 

6 

IO-37 

I 

7 

10-64 

6 

IO-47 

6 

10-32 

X 

8 

10-73 

6 

IO-47 

6 

10*23 

I 

9 

XO-35 

6 

iO'6i 

6 

11*28 

I 

16 

10-44 

6 

10-28 

8 

17 

IO-33 

6 

10-04 

4 

19 

1050 

2 

23 

1067 

6 

10-47 

8 

24 

10-41 

6 

10-27 

5 

25 

xo-54 

6 

10-38 

8 

28 

10-42 

6 

10*30 

8 

30 

1032 

6 

10*27 

8 

June       1 

10-39 

6 

10-35 

6 

2 

1027 

8 

10*92    4 

10-96    3 

6 

IO-47 

6 

1080    4 

1070    3 

II 

10-16 

8 

10-74   -5 

10-48    6 

12 

io-c6 

7 

IO-68    5 

10*64    5 

13 

- 

10-16 

8 

10-72    5 

10-36    3 

>5 

10-14 

8 

io-6i  »4 

16 

*« 

IO-I2 

I 

17 

iO'33 

6 

10-94    I 

20 

1012 

8 

10-80    4 

10-43    6 

21 

10-24 

4 

23 

1015 

8 

1 1  -06    5 

io*73    6 

25 

10-27 

7 

10*67    5 

988    2 

26 

990 

5 

29 

io*33 

8 

10-80    5 

10-65     6 

July        7 

10*30 

4 

1075    4 

^^'^l    5 

8 

995 

4 

10*50    5 

10-30    6 

9 

m 

1012 

4 

10-77    5 

10-41     6 
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The  preceding  differences  demand  13  conditions  to  be  satisfied; 
these  conditions  are  expressed  by  the  following  conditional  equations, 

to  which  are  added  the  values  of  the  reciprocal  weight  or  —  for  each 
difference  depending  on  the  number  n  »i :  for  the  observed  values  for  lati- 
tude in  each  group,  I  take  i  =  H(?  +^^. 

p  niii 
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Combination  of  results  for  the  variation  of  latitude  at  Boekvilley  Md. 
Solving,  we  get 


k,= 
k,= 
k3= 

—0-162                ks — 

-H>*3S9               ^= 
4-0-031                 ky 

—0-055                ^i= 

4-0-196                k«  — 
-0-048                k,o~ 
—0-049                ^n=- 
4-0-170                k,.,-- 

ki3= 

4-0075 

4-0-198 

40230 

-OM3O 

— o-o6o 

tter  sabstituting  in  the  equations  of  correlates 

// 

// 

// 

'      —  4--045 

2-1          '          ^ 

'^_   0,8 

^_,_-044 

^        =  --280 
12-10 

'       —     -o6o 
3-2 

,CH)  -  +  °°9 

'3..=-°" 

^        —  — -277 
14-12            '' 

^       —  —  oos 
4-3 

ii-io-     ■'^7 

'4-2-  +-°5* 

^        =  — -062 
2-14 

w  +~* 

l2-l.=  --°4' 

V3— °«^ 

\-.4-  +  °3^ 

Vs       °'^ 

I3-I2-  +  °'3 

''8-6=  -*-°** 

V 

',-6=-°'' 

.4-13     +'*^ 

V7=+-°S« 

»-7 -^^^ 

'.-.4-     -"'^ 

I<.8=  -'98 

The  adjusted  values  of  the  difierences  between  the  groups  are  as  lol 
lows: 

I_-X1V«=  I^'^XIV^  4-0.555 
II—         1=IV—      V=  -0-285 


III 

11= 

— 0-040 

IV— 

III=r 

4-0-095 

V— 

IV= 

— 0-006 

VI 

v= 

-I-0-2I4 

VII— 

VI= 

—01 88 

VIII- 

VII— 

— 0-072 

IX- 

VIII= 

4-0-172 

X— 

IX= 

— 0-191 

XI- 

X= 

—0-107 

XII 

XI=- 

—0-031 

XIII 

XII= 

4-0003 

XIV 

XIII= 

— 0'I2I 

// 


We  alfio  bave  the  closing  error: 

For  group  XIV— •« 
For  group        I — -26 
for  |;roup      H— 'JJ 
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Taking  group  IV  for  reference  group  as  having  the  greatest  number 
of  pairs  and  observations  (^,,  =  39^  05'  10"'39),  and  applying  the  above 
differences  we  get  the  final  correction  to  each  group,  as  below: 


// 

// 

Correction  to  group      IV 

•GOO 

and  to  group      III 

-I-095 

V 

-f-*oo6 

II 

+  055 

VJ 

—  208 

I 

—  ■230 

VII 

—  020 

XIV» 

+  •325 

VIII 

-f -052 

IX 

—  •120 

X 

4-071 

XI 

+  178 

XII 

+  •209 

XIII 

-f  206 

IV 

+  •327 

y 

—  •228 

. 

IP 

+  •057 

Prom  these  corrections,  when  applied  to  the  individual  results  in 
each  group  respectively  or  more  conveniently  to  the  mean  va.lue  of 
each  group*  as  tabulated  on  the  tables  marked  A„  B„  C,„  and  com- 
bined according  to  weights,  we  get  the  final  daily  mean  value  for  each 
day  of  observation  as  below.  Column  headed  n  gives  the  number  of 
pairs  observed  ea<;h  night;  the  next  column  of  figures  the  seconds  of 
the  resulting  latitude  ^9j  or  the  combined  result  from  two  or  more  nights; 
in  the  last  column  the  number  of  observations  n,  is  added  for  conven- 
ience of  plotting  the  results,  as  properly  grouped,  in  order  to  equalize 
number  of  observations  for  suitable  short  intervals  of  days. 


Date. 

<p_  39005^ 

n 

<Pi 

«/ 

'     Date. 

1 

^=39005^ 

n  - 

<P/ 

«/ 

1891. 

// 

// 

1891. 

// 

" 

June  13 
23 

-fio-58 

•73 
74 

.6| 

15  i 

141 

10-65 

3« 

i  Aug.  22 
Sept.    I 

3 

-fio-43 
•46 

•31 

8 

16/ 

IO-43 
10-38 

8 
31 

24 

2$ 
27 

•91 

•84 
i-i'ii 

15 
15. 

10-90 

59 

7 

'              9 
10 

•35 

•51 

•42 

9 

10-39 

65 

July     5 
6 

io-8i 
•72 

13/ 

1077 

28 

12 
13 

•28 
•II 

21 

2' 

10 
12 

•46 
•37 

16^ 
16/ 

1042 

32 

14 

15 

•49 
•41 

21  - 

»5. 

1044 

38 

21 

22 

.      27 

•45 
•40 

•58 

i6| 
13/ 

'11 

10-43 

29 

17 

18 

19 

•31 

•44 
•54 

21' 
15  ^ 

iO'43 

66 

29 

•44 

16  I 

10-52 

37 

21 

.46 

31 

•61 

6j 

23 

•63 

'51 

Aug.    7 

•52 

14) 

24 

•12 

14  [ 

W36 

44 

9 

•49 

14  . 

10-51 

43 

25 

•32 

15J 

10 

•53 

15J 

26 

•32 

'5) 

II 

•12 

4 

28 

•35 

'4 

IO-34 

44 

14 
17 

•62 

•48 
•38 

2 

19  ' 
I 

10*43 

26 

30 
Oct.     3 

5 

•35 

•54 
•30 

10*42 

45 
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Combination  of  results  for  the  variation  of  laiiUule  at  RoclcviUe,  ^fd, 


I 


Date.     I  <p=39«o5' 


1891. 

Oct,      9 
14 

15 
16 

22 

23 
24 
28 

29 
30 

2 
6 

7 

a 
I 

i!i 

20 

23 
24 
29 

30 
I 


Nov 


Dec. 


4 
5 

8 

9 
10 

13 
18 

28 
30 

1892. 
Jan.    7 

8 
16 

20 
21 

24 

25 
28 

Feb.  10 

»3 

IS 

»7 
Mar.  10 

12 

14 


// 
-I- 10-42 
•36 

•34 
■23 

•25 

•02 

•30 

•OS 

•17 

•43 
•52 

•05 

.36 

•15 

•OS 

•20 

'21 
•56 
•20 

•36 
•23 

•13 
•II 

•49 
•29 

•27 

•48 

•49 
•72 

*49 

•51 
•22 

•36 

•22 


•40 

•49 
•08 

•25 
•12 
•26 
•40 
•C2 
•06 

•i8. 

•45 
•51 
•(60 
•30 


<P/ 


// 

0^42 

030 
0-23 

0-22 

0-34 

0^15 
031 

0*24 
023 

©•42 

057 

036 

0^29 


028 

020 

O'lO 

0-38 

031 

038 


«. 


45 
61 

20 
45 

46 

45 
20 

45 

34 
20 

41 

28 
28 


29 

47 

15 
16 

23 

3.!| 


May 


Date. 


1892. 
Mar.  16 

19 
20 

21 

23 
24 
28 
29 
April    4 

9 
II 

12 

13 
16 

19 

23 
26 

27 

29 

30 
3 

4 

S 

7 
8 

9 
16 

17 

19 

23 
24 

25 
28 

30 

I 

2 

6 

II 

12 

>3 

»5 

16 

17 
20 

21 

23 

25 
26 

29 

7 
8 

9 


June 


«)E>=39«o5^ 


July 


// 

-f  1026 

•32 

•27 

■43 
•SO 

•49 

•38 
•60 

•70 

•59 

•57 

•54 

•77 
•63 

•67 

•90 

•74 
•79 

11  01 

10  92 

•73 

•94 
•63 

•76 

•79 
•76 

•63 

•47 
•71 

•83 
•61 

73 
•63 

•57 
•64 

•71 
•  -72 

•51 

•50 
•48 

•44 

•45 
•67 

•49 
•57 
•67 

•45 
•23 

•6s 

•58 
•31 
•49 


8 


12 

4J 

"\ 

■il 

13 
6 

4 
13 

^^ 
13J 

ill 

•4) 

II    J 

"1 

15J 

«3| 

19  i 

17) 
16  i 


<?>/ 


«. 


1038 
1036 


1080 
1084 

1075 

1077 

IOS7 

1073 
1 068 

10-64 

io-6o 
1 049 

IOS2 

1058 
1052 

1045 


31 
39 


iO'45  25 
1065  19 
1 06 1 


32 
21 

36 

3« 

39 

26 

25 
28 

41 

32 
33 

20 
41 
38 
43 


T^e  colamns  beaded  9?,  and  n,  were  added  as  more  convenient  for 
^aphical    representation    than  the    daily  valnes;    they  eontiiin  52 
weighted  means  depending  on  1789  observed  vahies  for  hititnde,  and 
are  represented  on  the  acconii)anying  diagram.    (Illustration  No.  4.) 
S.  Ex.  37—4 
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The  main  feature  of  the  representation  is  a  decided  uiininium  lati- 
tude towtirds  the  close  of  the  year  1891  and  apparently  two  epochs  of 
high  values  of  latitude,  one  of  which,  however — that  about  April,  1892 — 
is  probably  due  to  some  unknown  disturbances  affecting  the  observa- 
tions. Besides  this  there  are  two  large  and  systematic  decliues  in  the 
resulting  latitudes  which  in  magnitude  greatly  surpass  the  minor  ir- 
regularities of  the  ordinary  zigzag  lines  of  variability.  It  cannot  be 
supposed  that  these  features  are  due  to  real  changes  in  latitude;  about 
this,  however,  corroborative  evidence  can  be  had  as  soon  as  the  re- 
sults for  changes  in  the  latitude  of  San  Francisco  shall  have  become 
known. 

The  probable  error  of  observation  for  latitude  for  the  period  cover- 
ing the  best  part  of  the  series — i.  e.,  from  July  to  November — ^is  as  fol- 
io ws  : 

// 

For  group  III,  ±  0-17 
For  group  IV,  ±  047 
For  gioup    V,        ±  047 

embracing  together  544  observations,  and  for  the  period,  unfavorable 
for  observation — i,  c.,  from  November  (in  part)  to  February,  inclusive — 
the  probable  error  of  a  single  observation  for  latitude  becomes 


For  group     VI,  ±  0-21 

For  group  VII,  ±  0-23 

For  group  VIII,  ±  0-26 

For  group     IX,  ±  0-20 


embracing  together  407  observations.* 

The  average  value  for  the  whole  series  is  i  0"'20  nearly.  Compara- 
tively this  may  be  regarded  as  rather  a  large  value;  it  may  be  attrib- 
uted mainly  to  the  circumstance  of  the  use  of  three  in  the  place  of  one 
micrometer  thread,  since  there  was  evidence  to  show  that  the  dis- 
tances between  the  threads  did  not  remain  invariable.  There  is  also 
liability  to  error  in  recording  the  particular  thread  used.  The  nature 
of  suspected  systematic  errors,  notably  those  affecting  the  results  of 
December  and  January,  has  so  far  eluded  scrutiny,  but  is  probably 
related  to  a  feature  of  obscure  origin  which  may  produce  a  syste.matic 
difference  in  the  results  of  all  pairs  observed  on  two  consecutive 
nights,  as  on  September  23-24,  when  each  of  14  pairs  gave  a  latitude 
in  defect  on  the  second  night,  with  an  average  difference  of  0"'51. 

The  unexpected  rise  of  the  latitude  in  April  and  the  subsequent 
sharp  decline  wa-s  accentuated  by  the  introduction  of  the  adjusted 

•From  the  1789  observutions  on  146  nights  it  has  been  found  that  the  mean  error 
of  a  single  deterniiuation  for  hititiulc  is  ±  0"'25.  Since  the  resnltvS  in  colamn  f,  de- 
pend upon  eight  to  aixty-six  single  Results,  their  mean  errors  are  within  ^  0"'OQ 
find  ^  0"'O9.— Edwin  ^Hii/A.— [Added  Nov.  9,  1892.] 
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Combinatimi  of  results /or  the  variation  of  latitude  at  RockrillCj  Md, 

differences  between  the  groaps,  and  hence  may  be  referred,  at  least  in 
part,  to  a  weak  connection  of  several  of  the  groni)s. 

A  further  concentration  of  latitude  values  by  months  leads  to  the 
followlDg  normals: 


Date. 


1891. 

June  21 

July  17 

Aug.  12 

Sept.  17 

Oct.  17 

Nov.  14 

Dec.  15 


<p 

ft 

// 

lo-Si 

90 

1053 

126 

10-47 

77 

1039 

288 

10-30 

171 

10-25 

190 

IO-43 

117 

Date 


18192. 
Jan. 
Feb. 
Mar. 
April 
May 
June 
July 


■ 

fP 

1 
n 

i 

// 

20 

10*21 

9« 

14 

IO-34 

39 

20 

1039 

95 

18 

1073 

108 

15 

107 1 

149 

14 

10-56 

205 

8 

IO-45 

43 

If  we  snppose  the  period  of  the  latitude  variation  to  be  430  days, 
hence  the  daily  angular  motion  of  the  pole  of  rotation  n  =  0O'837,  and 
J  =  the  loDgitude  of  this  pole  west  of  the  place  at  an  arbitrary  epoch 
to  ,  here  Januai-y  1,  1891,  then  the  variation  in  latitude  Sep  may  be 
expressed  by  d<p  =.  ^  —  ^o  =  a  cos  {nt  —  Z),  where  (po  =  mean  latitude 
=  10''-47  and  qf  =  latitude  at  the  time  f. 

Using  Cauchy's  method  we  get  the  expression 

6q}  =  +_  0"-20  sin  {nt  -  5^) 

which  places  the  minimum  at  November  24,  1891.» 

Perhaps  it  will  be  best  to  defer  further  consideration  of  the  observed 
variability  of  the  Kockville  latitude  until  the  results  of  the  other  two 
stations  observed  during  the  same  time  shall  have  become  known. 

C.  A.  S. 


*It  seems  likely  that  a  second  term,  probably  of  an  annual  period,  will  bo  needed 
for  the  expression  of  the  variation  in  latitude. — C.  A.  S. — [Added  Nov.  9, 1892.] 
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APPENDIX    NO.    2—1892. 


ON  THE  VARIATION  OF  LATITUDE  AT  WAIKIKI,  NEAR  HONOLULU, 
HAWAIIAN  ISLANDS,  AS  DETERMINED  FROM  OBSERVATIONS  MADE 
IN  1891  AND  1892  IN  COOPERATION  WITH  THE  INTERNATIONAL  GEO- 
DETIC ASSOCIATION. 


A  report  by  E.  D.  Preston,  Assistanti 
Bubmitted  for  publication,  May  15,  1893. 


In  compliance  with  the  instructions  of  the  Superintendent,  there 
were  made  in  the  Hawaiian  Islands,  between  May  8, 1891,  and  Sep- 
tember 14, 1892,  the  following  observations: 

I.  Of  tbe  transit  of  Mercury  on  May  9,  1891. 
II.  Of  the  variation  of  latitude  from  June  6,  1891,  to  June  25,  1892. 

III.  Of  tbe  force  of  gravity  on  Oahu  and  Hawaii  from  June  9,  1891,  to  July  25, 

1892. 

IV.  Of  the  magnetic  elements  at  fourteen  stations  at  intervals  from  August  11, 

1891,  to  September  9;  1892. 
y.  For  latitude  on'  the  island  of  Hawaii  at  tte  base,  on  tbe  flank,  and  at  the 
summit  of  Mauna  Kea,  from  July  4,  1892,  to  July  25,  1892. 
YI.  Of  meteorological  phenomena,  including  the  barometric  determination  of  tbe 
height  of  Manna  Kea  (nearly  14,000  feet),  from  July  1,  1892,  to  July  27, 
1892. 

ninstration  No.  5  shows  the  location  of  these  stations,  as  well  as  of 
those  that  had  been  previously  occupied  for  scientific  observations 
under  the  direction  of  Prof.  W,  D.  Alexander,  the  Surveyor-general  of 
the  Hawaiian  Government. 
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The  following  table  gives  a  summary  of  the  season's  work: 
Summary  of  observations  in  the  Hawaiian  Islands  in  1891-^92. 


# 

Nights 

No.  of 

SUtion. 

Island. 

Date  of  occupation. 

Class  of  obser- 
vations. 

i  T  ilays 
of  ob- 
serva- 
tions. 

deter- 
mina- 
tions. 

Remazka. 

1891.          1S92. 

Waikiki. 

Oaho. 

June     6-June  25 

Latitude. 

220 

2434 

June     9-June  II 

Gravity. 

199 

827 

June     9-June  II 

Time. 

202 

202 

1891. 

Kahuku. 

Aug.  ii-Aug.  13 

Magnetic. 

3 

3 

Nov.  25-Nov.  27 

do. 

3 

3 

1892. 

Honolulu. 

June   23-Junc  25 

Gravity. 

3 

57 

June    is-june  27 

Time. 

10 

10 

fune     2-Tune    4 

Magnetic. 

3 

3 

Kawaihae. 

Hawaii.     July      4-July     6 

Latitude. 

3 

23 

July      3-J"ly      6 

Gravity. 

4 

91 

July      3-July     6 

Time. 

4 

4 

• 

July      I-July      3 

Magnetic. 

3 

3 

June  30-July      7 

Meteorology. 

8 

Waimea. 

July      8 

Magnetic. 

I 

I 

West  base 

July      9-July    1 1 

do. 

2 

2 

Old  slatioj 

July      7-July    1 1 

Meteorolc^. 

5 

Kalaieha. 

July    14-July    15 

latitude. 

2 

3 

July     14-July    16 

Gravity. 

3 

67 

July    14-July    18 

Time. 

6 

6 

July    14-July    16 

Magnetic. 

3 

3 

July    i3->ly    '8 

Meteorology. 

6 

Waiau. 

July    2i-July    25 

Latitude. 

4 

55 

July    22-July    25 

Gravity. 

4 

81 

July    2 1 -July    25 
July    2 1 -July    24 

Time. 

4 

4 

Magnetic. 

3 

3 

July    2 1 -July    26 

Meteorology. 

6 

Hilo. 

July    30-Aug.     3 

Magnetic. 

5 

3 

Napoopoo.  1 

Aug.  i8-Aug.  21 

do. 

4 

3 

l^haina.      ^  Maui.         Aug.  23-Aug.  25 

do. 

3 

3 

Wairaca. 

Kauai. 

Sept.    2-Sept.     3 

do. 

2 

2 

lAlitude 
lion,  1 5 
and  tra 
of  Yen 
1874. 

Sept.    5-Sept.    6 

do. 

2 

2 

Thorny  Ci 

Nonopapa. 

Niihau.      Sept.    9 

i 

do. 

I 

I 

In  the  column  "Number  of  determinations"  the  figures  indicate:  For  latitude,  the  number  of  p« 
stars  observed.  For  gravity,  the  number  of  intervals,  each  one  giving  a  value  for  the  period  of  o! 
tion  of  the  pendulum.  For  time,  the  number  of  sets  of  stars,  each  one  giving  a  correction  to  the 
nometer.  For  terrestrial  magnetism,  the  number  of  determinations  of  all  three  elements,  declin 
dtp,  and  horizontal  intensity,  and  the  time  and  azimuth. 

The  meteorological  observations  were  made  many  times  during  the  day.  The  barometer  was  n 
the  times  of  maximum  and  minimum — at  9  a.  m.  and  3  p.  m.  On  the  summit  of  Mauna  Kea  it  wa^ 
more  frequently. 

The  National  Academy  of  Sciences,  the  United  States  Coast 
Geodetic  Survey,  and  the  Hawaiian  Government  have  each  contribi 
to  the  accomplishment  of  this  work.    The  ^st  named  supplied 
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funds  for  the  prosecution  of  the  iDternational  hititnde  observations,  our 
own  service  furnished  the  instruments  and  observer,  and  the  Hawaiian 
Government  survey  defrayed  most  of  the  expenses  for  the  p^ravity  and 
magnetic  determinations.  I  left  Washington  on  April  IS,  1891,  and 
returned  on  October  16, 1892. 

The  results  of  the  observations  of  the  transit  of  Mercury  have  already 
appeared  as  Appendix  No.  12  of  the  Report  of  the  Superintendent  tor 
1891,  Part  II. 

It  is  proposed  in  the  present  pai>er  to  deal  with  the  international 
latitade  observations  only,  reserving  the  last  four  heads  for  a  subse- 
quent report.  This  work  was  undertaken  at  the  request  of  the  Inter- 
national Geodetic  Association.  The  following  extract  from  a  letter 
written  by  Prof.  Helmert  to  the  Superintendent  of  the  Coast  and 
Geodetic  Survey,  under  date  of  October  18, 1890,  refers  to  our  coopera- 
tion, gives  reasons  for  sending  two  observers,  and  specifies  the  condi- 
tions necessary  for  successful  work : 

.  .  .  Dft  die  Geldmittel  der  permaneDten  Commission  etwas  beschrunkt 
nnd,  BO  ist  beschlossen  die  Expedition  nnr  anf  1  Jahr  anszndehneu,  woven  2 
Monate  anf  die  Reise  und  10  anf  Beobachtangen  kommen.  Auch  kann  1  Bee- 
bachter  (Dr.  Marcuse  bisher  in  Berlin  Beobachter)  nnd  nur  1  Instrnment 
aosgesandt  werden.  Die  biesigen  Erfahrnngen  baben  aber  gezeigt,  dass  sehr 
leicht  in  einer  Reibe  dnrcb  Krankbeit  des  Beobacbters,  Versagen  des  Instru- 
mentS;  etc.,  Unterbreehnngen  entsteben. 

Desbalb  1st  es  dringend  erwtinscbt,  dass  Ende  Februar  1891  von  der  Coast 
and  Geodetic  Surrey  gleicbzeitig  ein  Beobacbter  nnd  eln  Instnmiont  nacb 
HoDolnIn  gesapdt  werden,  so  dass  doppelte  Reiben  gewonueu  werden  wie 
'seinerseit  bier  In  Berlin  und  Potsdam.  Natiirlicbweise  muss  das  Instrument 
aucb  die  Genauigkeit  einer  Breltenbestimmung  aiis  elnem  St«rnpaare  an 
einem  Abend  von  0"'!  bis  0'''2  gewabren.  Das  wird  slob  ja  wobl  erreicben 
lassen. 

The  observations  were  treated  according  to  the  method  adopted  by 
Prof.  Albrecht  in  his  reduction  of  Dr.  Marcuse's  work  as  embodied  in 
the  ^^Besultate  der  Beobachtungsreihen  in  Honolulu,  betrefiend  die 
VeraDderlichkeit  der  Polhohe,  Berlin,  1890,"  with  this  difference,  that 
the  adjustment  in  the  present  case  involved  five  conditional  equations. 
This  was  made  necessary  from  the  fact  that  group  II  was  again 
observed  in  1892,  and  also  that  during  the  year's  observations  three 
separate  combtnations  of  three  groups  were  made. 

DESOBIPTION  OF  STATION. 

The  station  of  observation  was  located  at  Waikiki,  2  miles  SE, 
of  Honolulu,  on  the  property  of  Mr.  J.  F.  Brown,  who  generously 
gave  the  us©  of  the  ground  for  the  whole  time  of  occupation.  The 
position  of  the  observatory  is  shown  in  illustration  No.  10,  which  also 
includes  the  three  triangulation  points  to  which  the  Waikiki  triangu- 
lation  station  was  referred.  The  distance  from  the  seashore  to  the 
zenith  telescope  pier  is  400  feet.    The  geodetic  diffevewce  ^ks>  %\N«v\\i^ 
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Mr.  Lyons  between  the  positions  of  the  Government  Snrvey  observatory 
in  Honohilii  and  the  (J.  S.  Goast  and  Geodetic  Survey  observatory  at 
Waikiki  is  as  follows : 

d^  =  9658  feet  =  1'  35''-5 

d\  =  9785    "    =  1'  43"-6  =  6«-9 

The  astronomical  latitude  of  the  former  (Coast  and  Geodetic  Survey 
Keport,  1888,  Appendix  14,  p.  495)  is  21©  18'  2"'48.  This  determina- 
tion was  made  about  April  1.  The  latitude  of  Waikiki  at  this  season 
of  the  year  is  not  far  from  2\P  16'  24"'70,  so  that  we  have  a  difference 
of  astronomical  latitudes  of  1'  37"-8,  which  would  indicate  a  deflection 
ot  the  plumb  line  between  Honolulu  and  Waikiki  of  2''-3  in  latitude. 
The  astronomical  amplitude  being  greater  than  the  geodetic  one,  would 
indicate  that  the  plumb  line  at  the  northern  station  (Honolulu)  was 
deflected  farther  south  than  the  one  at  Waikiki.  This  result  is  not  in 
accordance  with  what  we  might  expect,  since  the  great  mass  of  the 
island  lies  to  the  northward,  and  the  greater  proximity  of  Waikiki  to 
the  seashore  would  tend  to  draw  its  vertical  to  the  southward.  The 
astronomical  difference  of  longitude  between  the  same  two  stations  was 
determined  by  Mr.  0.  J.  Lyons,  assistant  in  charge  of  the  Government 
Survey  Oflice,  and  myself.  The  method  employed  was  by  exchanging 
signals  over  the  telephone  wire.  The  chronometers  were  rated  at  the 
two  observatories,  and  the  signals  were  sent  in  both  directions  by 
tapping  on  the  transmitter  box.  A  number  of  taps  were  made  at 
different  parts  of  the  second-hand  dial  to  eliminate  any  effect  of  eccen- 
tricity. The  Waikiki  chronometer  had  a  rate  of  about  20«  daily,  which 
enabled  us  to  get  a  coincidence  of  beats  nearly  every  day  of  the 
exchanges,  so  that  there  were  no  fractional  parts  of  a  second  to  be 
estimated.  No  high  degree  of  precision  was  expected  in  the  results,  yet 
they  agreed  within  one-fifth  of  a  second  for  the  six  days.  Stars  were 
employed  at  Waikiki  in  getting  the  diurnal  correction,  whereas  at 
Honolulu  the  sun  was  used.  On  one  day  the  exchanges  were  made  to 
depend  entirely  on  the  sun  at  both  pla<;es  as  a  test.  This  day's  work 
agreed  well  with  the  others.  The  azimuth  of  the  Honolulu  instrument 
was  not  very  accurately  known ;  but  as  the  sun  only  w^as  observed  at 
this  place,  and  as  moreover  its  declination  at  the  time  was  about 
21°  30',  and  the  latitude  of  the  station  was  21^  18',  it  is  evident  that 
the  azimuth  was  without  any  effect  on  the  time  observations.  The 
mean  result  from  several  days'  work  was  7"*4,  which  gives  a  difference 
between  the  astronomical  and  geodetic  amplitude  of  0«*5,  the  astro- 
nomical being  the  greater.  The  connection  of  the  two  stations  would 
seem  to  indicate  a  deflection  of  the  plumb  line  at  Honolulu  towards 
the  ESB.,  or  in  the  opposite  direction  at  Waikiki. 

The  connection  of  the  Waikiki  triangulation  point  with  the  Govern- 
ment Survey  stations  is  shown  in  illustration  No.  10.  This  connection 
was  made  independently  by  Mr.  J.  S.  Emerson  and  myself.  The  two 
measures  checked  each  other  and  the  agreement  was  satisfactory. 
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Oh  the  variation  of  latitnde  at  Waikiki^  Hawaiian  Islands. 

Witli  a  6-iDcli  theodolite,  kiudly  loaned 'by  Prof.  Alexander,  I  mead- 
ured  at  Waikiki  the  three  angles  defined  by  Punch  Bowl,  TauUUus, 
and  Diamond  Head,  thus  closing  the  horizon  and  deteriniuiiig  the  po- 
sition of  Waikiki  by  the  three-point  problem. 

The  result  of  ray  own  measures  gave  the  following  geodetic  position 
for  the  zenith  telescope  pier  in  the  observatory: 

o    /       // 
^=  2116  26-7 
;  =  157  50    1-2 

As  the  observatories  and  the  piers  above  ground  were  removed  after 
the  completion  of  the  year's  vork,  it  was  necessary  to  connect  their 
iK>.siti(ms  with  the  permanent  mark  at  the  Waikiki  trigonometric  sta- 
tion. This  was  done,  and  the  measurements  are  given  in  illustration 
No.  11. 

The  observatory  was  built  by  Harrison  Bros.,  of  Honolulu,  and  was 
essentially  similar  in  construction  to  that  built  by  Dr.  Marcuse  for  the 
International  Association,  the  Coast  and  Geodetic  Survey  building 
being  somewhat  different  in  shape  to  accommodate  a  greater  numbiu* 
of  instruments.  Illustratipn  No.  6  gives  an  exterior  view  and  shows 
the  method  of  ventilation,  the  large  observing  slits,  and  the  means  of 
opening  these  by  a  system  of  pulleys.  An  interior  view  appears  in 
iUastration  No.  7,  and  shows  the  disposition  of  the  instruments  and 
indicates  the  particular  class  of  work  to  which  each  one  wa«  devoted. 

A  plan  (illustration  No.  12)  is  added,  drawn  to  scale,  giving  exact 
dimensions. 

INSTRUMENTS. 

The  entire  instrumental  outfit  taken  on  the  expedition  was  as  follows: 
Zenith  telescope  No.  2;  meridiau  telescope  No.  2;  reconnoitering  tele- 
scope No.  3(>;  pendulum  apparatus  B;  chronograph,  Fauth,  No.  6; 
chronograph,  Breguet,  No.  5;  magnetometer  No.  11;  dip  circle  No.  21; 
mercurial  mountain  barometer  No.  3388;  aneroid  mountain  barometer 
No.  211;  Baudin  thermometers  9252,11316,  11319;  sidereal  break -cir- 
cuit chronometer  Negus,  1825;  mean  time  break-circuit  chronometer, 
Bond,  177;  sidereal  watch  1335020;  photographic  outfit. 

The  following  miscellaneous  objects  were  also  taken:  Two  tents,  8  by 
8;  wall  tent  and  fly,  10  by  12;  tarpaulins;  8  dry-cell  batteries;  8  Ful- 
ler compound  batteries;  chronometer  cases;  electric  lamps;  switches; 
oil  stove;  metre  scale;  plane-table  compass;  steel  tape,  and  insulated 
wire. 

THE  ZENITH  TELESCOPE. 

This  instrument  was  used  in  all  the  latitude  observations  at  Waikiki. 
It  has  a  focal  length  of  112-1  cm.,  with  a  clear  aperture  of  8*2  cm.  It 
is  shown  in  illustration  No.  8.  A  power  of  100  was  used  in  the  obser- 
vations. 
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Altliongh  very  easy  of  manipalatioQ  it  has  serious  defects,  a  few  of 
which  will  be  briefly  indicated.  The  instrament  was  inach  too  light. 
A  moderate  wind  affected  the  levels,  and  frequently  it  was  necessary 
to  reject  observations  on  account  of  the  uncertainty  of  the  level  read- 
ing. On  one  or  two  occasions  of  strong  wind  it  was  necessary  to  give 
up  work  altogether. 

The  fact  that  the  time  was  very  limited  before  leaving  Washington 
will  sufficiently  explain  the  haste  necessary  in  the  preparation.  The 
zenith  telescope  was  an  adaptation  of  an  old  form  of  instrument.  The 
tube  is  placed  centrally,  and  the  remodeling  involved  the  construction 
of  a  new  projecting  platform  at  the  top  of  the  vertical  aitis.  The  4iori- 
zontal  axis  was  made  longer  than  in  the  old  form.  The  supporting  tripod 
at  the  base  was  confessedly  much  too  light,  and  the  double  foot-screws, 
although  they  gave  a  fine  means  of  adjustment,  possessed  very  little 
stability.  This  defect,  combined  with  the  somewhat  difficult  motion  of 
the  micrometer  screw,  produced  considerable  discrepancy  between  the 
level  readings  before  and  after  the  bisections.  This  effect  was  nearly 
always  in  the  same  direction.  It  varied  from  1/10  of  a  division  to  8/10 
of  a  division,  and  indicated  that  the  whole  instrument  was  pushed  bod- 
ily by  the  manipulation  of  the  micrometer  and  revolved  about  a  line 
passing  through  the  lower  part  of  its  base.  It  is  evident  that  the 
clamps  holding  the  perforated  arm  and  the  fitting  of  the  pivots  in  the 
horizontal  axis  resisted  the  pressure  at  the  ocular  much  better  than  the 
total  weight  of  the  instrument. 

No  provision  was  made  for  reading  the  micrometer  while  sitting,  be- 
cause it  had  been  recommended  to  make  only  one  bisection.  When 
for  various  reasons  it  was  deemed  advisable  to  point  three  times  on 
the  star,  a  mirror  was  attached  at  an  angle  of  45^  to  the  line  of  sight, 
which  euabled  the  observer  to  make  the  readings  of  the  micrometer  by 
reflection  without  changing  position. 

By  reference  to  illustrations  Nos.  7  and  12,  it  will  be  seen  that  the 
meridian  telescope  was  mounted  north  of  the  zenith  telescope.  This 
made  it  possible  to  use  the  former  as  a  collimator  for  the  latter,  and  as 
the  meridian  telescope  was  kept  accurately  in  the  meridian  from  daily 
star  observations  for  use  in  the  gravity  w^ork,  a  fine  meridian  mark  was 
always  available  inside  the  observatory.  In  addition  to  this  a  mark 
was  placed  on  Makiki  Eidge  13,000  feet  away  exactly  north  of  the  two 
piers.  This  was  done  by  Mr.  F.  S.  Dodge,  and  its  position  is  shown  in 
illustration  Ko.  9.  The  deviation  in  azimuth  of  the  meridian  telescope 
was  seldom  more  than  a  few  tenths  of  a  second  of  time.  The  zenith 
telescope  was  examined  frequently,  and  was  never  found  out  of  adjust- 
ment beyond  the  limits  prescribed  for  this  kind  of  work. 

The  stops  on  the  horizontal  circle  used  in  defining  the  plane  of  the 
meridian  were  only  moved  when  it  was  necessary  to  observe  circumpolar 
stars  for  micrometer  value,  and  only  on  one  or  two  occasions  were  lati- 
tude and  micrometer  both  observed  on  the  same  night.    When  this 
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On  the  variation  of  latitude  at  WaiJcikiy  Hawaiian  Islands. 

was  done,  the  stops  were  replaced  by  means  of  the  graduation  of  the 
horizontal  circle.  Indeed  the  south  stop  was  alvrays  so  set.  The  slight 
deviation  of  the  iiistruineat  from  the  plane  of  the  meridian  has  very 
little  effect  on  the  resulting  value  for  the  latitude  if  the  north  and 
Bonth  azimuth  are  the  same,  the  greatest  correction  at  VYaikiki  for  a 
zenith  distance  of  30^  beiug  less  than  0".01  for  an  azimuth  of  10*. 
When  the  two  azimuths  are  different  the  correction  is  greater;  but 
even  in  this  case  if  the  azimuths  do  not  exceed  10*  the  correction  is 
hardly  worth  taking  into  account.  -The  horizontal  circfe  of  the  tele- 
scope reads  to  30",  and  the  most  violent  assumption  could  never  place 
the  instrument  out  of  the  meridfan  more  than  one  minute  of  arc.  Ad- 
mitting the  north  azimuth  to  be  practically  zero,  the  correction  to  the 
latitude  for  south  stars  would  still  be  less  than  one-hundredth  of  a 
second. 

The  following  table  gives  the  correction  to  the  latitude  for  various 
zenith  distances  at  Waikiki.  The  first  column  is  on  the  supposition 
that  both  the  N  &  S  azimuths  are  10^;  in  the  second  the  N  one  is  con- 
sidered zero  and  the  S  one  10^. 
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The  corrections  to  the  observed  latitudes  on  account  of  errors  of 
level  and  collimation  were  sensibly  constant  throughout  the  year  and 
practically  insignificant. 

The  effect  of  an  inclination  in  the  horizontal  axis  is  to  make  the  tele- 
scope describe  a  great  circle  whose  inclination  to  the  plane  of  the  merid- 
ian is  given  by  the  level  readings  on  the  horizontal  axis.  The  star 
will  be  observed  when  it  has  an  hour  angle  equal  to  the  inclination  of 
the  axis  in  secotids  of  time  multiplied  by  the  level  factor  B,  depending 
on  the  star's  declination  and  zenith  distance.  The  effect  of  an  error  in 
colhmation  is  to  make  the  line  of  light  describe  a  small  ^circle  whose 
distance  from  the  plane  of  the  meridian  is  measured  by  the  angle  be- 
tween the  line  of  sight  and  the  axis  of  collimation.  The  hour  angle  of 
an  observed  star  is  the  distance  on  the  equator  in  seconds  of  time 
multiplied  by  the  secant  of  the  declination.  Now  the  effect  on  a  meas- 
ared  zenith  distance  will  be  given  in  either  of  these  cases  by  the  formula 

2sin«i. 

• — ! — T7i  i  sin  2  9 
8in  V^  ^ 
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Illastratioii  ^o.  13  sliows  the  values  of  the  azimuth,  level,  and 
mation  factors  for  Waikiki  for  every  10°  of  declination.  The  gr 
value  for  the  level  factor  for  the  latitude  stars  is  1'35,  while  that 
collimatlon  factor  is  1'66.  In  order  to  produce  a  correction  to  th 
tude  exceeding  O'^Ol  for  the  highest  stars,  it  would  be  necess: 
suppose  a  value  for  the  inclination  of  the  horizontal  axis  of  al 
minute  of  arc  and  of  several  seconds  for  the  error  of  coUimation,  n< 
of  which  suppositions  is  admissible.  The  factors  for  relative  wc 
azimuthj  level,  and  coUimation  in  the  time  reductions  were  takei 
the  plotted  sheet,  and  considerably  facilitated  the  reductions. 

BEDUCTION  TO  THE  MERIDIAN. 

In  the  field  reduction  of  the  latitudes  the  correction  for  meridis 
tance  was  made  on  the  supposition  that  the  star's  path  from  1 
and  from  B  to  G  in  Fig.  1  was  a  straight  line. 


Fig.  1. 


The  equatorial  interval  of  the  vertical  threads  is  9"'5.  The  bise 
were  made  at  A,  B,  and  C,  or  rather  the  first  bisection  was  neve 
fected  until  the  star  had  passed  A  and  the  third  was  finished  1 
it  arrived  at  C,  but  it  is  obviously  impracticable  to  designate  i 
several  seconds  for  each  particular  star  just  when  the  pointin 
concluded.  The  error  introduced  by  the  above  supposition  is 
much  inside  that  of  observation  and  vastly  inferior  to  the  pre 
error  of  the  declination,  and  was  therefore  not  considered  imp< 
in  the  field  reduction.    In  the  final  computation,  however,  a  ri^ 

t 
2  sin*  7) 

correction  was  applied,  and  the  quantity  — ;. —  ,y  J  sin  2  ^  bein^ 

resented  by  w,  a  correction  of -o- was  applied  to  the  mean  of  the 

2w 
micrometer  readings,    o    being  the  reduction  for  a  measured 

distance,  and  one-half  of  this  being  the  connection  to  the  latitude 
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On  the  variation  of  latitude  at  WaikUci^  Hawaiian  Inlands. 

THE  HIOROMETER. 

The  valae  of  one  revolution  of  the  micrometer  screw  was  determined 
12  times  with  the  following  results: 


Date. 


1891. 
Aug.     21 


ScpL 
Nov, 


30 
17 

8 

8 
22 
22 


1892. 
May     21 


June 


21 

5 

10 

12 


Star. 


I 


■ 

I 


Polaris. 

do. 

do. 
d  Ursse  Min. 
51  Cephei. 
6  Ursae  Min. 
51  Cephei. 

6  Ursae  Min. 
51  Cephei. 
6  Ursae  Miii. 

do. 

do. 


InterTftls. 


Half  turns. 

do. 

do. 
Whole  turns. 

do. 

do. 

do. 

do. 
do. 
do. 
do. 
do. 


Elongation. 

Value. 

// 

East. 

46-402 

do. 

•400 

do. 

•348 

West. 

.322 

East. 

•413 

West 

•342 

East. 

•433. 

East. 

•452 

West. 

•439 

East. 

'401 

do. 

•391 

do. 

•427 

Probable 
error. 


±•013 
•012 
•018 
•015 
*oi4 
•015 
'O24 

•017 
-012 
•026 
.025 
•028 


Mean  value  46^''397  ±''*oo8 

With  regard  to  these  determinations  it  should  be  remarked  that  the 
situation  of  Waikiki  is  very  unfavorable  for  such  an  investigation. 
The  altitude  of  the  stars  used  was  only  2Y>.  This  generally  would  give 
an  ansteady  atmosx>here,  bht  in  addition  we  had  high  mountains  imme- 
diately north  of  the  station,  around  which  the  clouds  continually  hung. 
The  probable  error  of  the  determination  is  therefore  large.  *  But  when 
we  consider  that  the  zenith  distances  of  the  latitude  stars  are  almost 
perfectly  balanced  for  each  group,  thus  eliminating  in  the  final  result 
any  error  in  the  value  of  the  micrometer  screw,  this  slight  uncertainty 
becomes  of  no  importance. 

The  screw  was  examined  for  irregularities  in  the  whole  turns  in  the 
following  manner:  The  reduced  times  from  33  turns  to  3  turns  were 
tiibiilated  and  from  them  the  mean  time  for  one  turn  was  determined. 
This  value  being  applied  to  the  mean  of  all  the  tabulated  times,  we 
have  the  theoretical  values  corresponding  to  the  different  turns,  and 
the  difference  between  these  theoretical  values  and  those  actually  ob- 
tained by  observation  gives  the  irregularities  of  the  screw  at  the  dif- 
ferent turns. 

No  very  decided  irregularity  was  discovered  except  at  the  seventh 
and  eighth  and  thirty-second  turns,  and  even  here  the  correction  to  the 
resulting  latitudes  was  too  small  to  be  of  real  importance.  Moreover, 
the  nivnber  of  observations  which  during  the  course  of  the  work  act- 
ually fell  on  these  particular  divisions  was  almost  insignificant.  No 
correction  was  adopted  for  the  periodic  inequality,  as  the  observations 
were  scanty  and  failed  to  bring  out  any  pronounced  fact  in  regard  to 
it.  The  range  of  temperature  for  the  entire  year  was  not  more  than 
11^  C,  BO  that  the  changes  of  temperature  can  hardly  be  said  to  have 
iuflaenced  the  micrometer  valaes. 
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INCI.INATION  OF  THE  MICROMETER  THREAD. 

For  a  short  time  after  the  beginning  of  the  work  the  mic 
thread  was  slightly  inclined  to  the  tangent  to  the  star's  path  a 
nation.  An  adjustment  was  made  on  June  20,  and  its  x>08it 
not  subsequently  disturbed.  Before  this  date,  all  zenith  dJ 
which  have'  not  corresponding  observations  before  and  after  i 
ridian  require  a  very  appreciable  correction  from  the  above-me 
cause.  After  June-  20  the  adjustment  was  such  that  no  ine 
could  be  detected  by  a  cursory  inspection  of  the  observations, 
theless,  by  combining  many  of  the  bisections  it  was  found  t 
mean  inclination  gave  a  value  which  would  stdl  be  appreciabl 
the  observation  wa«  some  distance  from  the  meridian. 

Two  values  for  the  inclination  were  therefore  deduced^ — one  i 
ble  before  and  the  other  after  June  20.  It  is  assumed  that  the 
tion  did  not  change  between  this  date  and  the  close  of  the  wo: 
than  a  year  later.  This  was  tested  by  a  careful  scrutiny  of 
ord  at  several  epochs  during  the  interval,  the  greatest  di£fen 
tween  the  mean  value  adopted  for  the  inclination  and  that  ( 
from  individual  groups  only  causing  a  difference  of  one  or  t 
dredths  of  a  second  in  the  correction  to  the  latitude. 

VALUES  OF  THE  LEVELS. 

Zenith  telescope  No.  2  was  provided  with  two   levels  m 
Reichel.    Dr.  Marcuse  kindly  brought  these  to  Washington  on 
to  Honolulu.    They  are  distinguished  as  A  and  B.    The  valuer 
division  were  determined  by  the  maker,  by  Dr.  Marcuse  at  Be: 
by  Mr.  Fischer  in  Washington. 

The  following  were  the  results: 

Values  of  levels. 


Observer. 

A. 

B. 

Reichel 

Marcuse 

Fischer 

Mean 

1^^*190 
I//-I32 

I'A276 

I// 076 
1//.223 

In  December,  1891,  a  very  exhaustive  determination  was  no 
myself  at  Waikiki,  using  the  micrometer  attached  to  the  zeni 
scope.  All  parts  of  the  screw  were  used  from  5  turns  to  31  tui 
in  all  about  70  individual  values  were  obtained.  When  the  m< 
taken  the  result  was,  for  A,  1"-194;  for  B,  l''-230.  This  was  1 
the  mean  of  all  the  others  that  it  was  adopted  in  the  latitude 
tation. 
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The  leyel  vial  as  mounted  on  the  telescope  is  incased  in  a  hollow 
glass  tube,  to  protect  it  against  sudden  changes  of  temperature.  This 
glass  tube  is  itself  covered,  except  directly  above  the  level  scale,  by  a 
blanket  of  thick  baize.  Attention  has  sometimes  been  called  to  an 
error  of  reading  from  parallax  on  account  of  this  outer  glass  tube.  An 
inspection  of  the  formula  for  the  level  correction  shows  the  eflect  of 
errors  from  imperfect  readings  is  indeed  very  small. 

If  N  and  S  are  the  readings  of  the  north  and  south  end  of  the  level 
before  reversal,  and  n  and  s  the  readings  after  reversal,  the  correction 
to  the  latitude,  disregarding  for  the  moment  the  sign,  is 

(y+8)-(n  +  ^) 
2 * 

the  first  factor  being  the  mean  motion  of  the  bubble.  ISovr  if  we  sui)- 
pose  one  of  these  readings  liable  to  an  error  of  one-quarter  of  a  divis- 
ion—».«.,  supposing  the  reading  was  only  made  to  the  nearest  half  di- 
vision and  1  dlvision=l"-21 — ^the  error  in  the  latitude  correction  is 
C'-OT,  and  when  combined  with  the  result  from  ahother  level  the  error 
would  only  be  0'''()3.  Each  latitude  correction  depends  on  8  readings 
(each  end  of  both  levels  before  and  after  reversal)  so  that  in  the  mean 
rea<ling  there  would  necessarily  be  some  compensation  of  errors,  and 
the  effect  on  the  final  latitude  would  certainly  not  be  more  than  0"'01, 
even  if  the  readings  were  only  made  to  the  nearest  half  division. 
Moreover,  the  above  formula  shows  that  if  the  north  end  was  read  too 
large  both  before  and  after  reversal  the  latitude  correction  is  un- 
changed, and  similarly  for  the  south  end.  This  explains  to  a  certain 
extent  the  fact  that  the  deduced  latitudes  are  about  as  concordant 
where  only  one  reading  was  made  for  each  star  as  where  the  level  was 
read  both  before  and  after  making  the  bisections  with  the  micrometer. 
It  is  evident  that  if  the  influence  on  the  level,  consequent  upon  making 
the  bisections,  is  in  the  same  direction  and  of  the  same  amount  for 
both  stars  the  resulting  value  of  the  latitude  is  unchanged. 

The  large  range  in  the  individual  values  is  due  principjilly  to  the  in- 
accuracies of  the  level  indications.  In  several  cases  the  original  notes 
i^mark  that  the  level  was  moving  at  the  time  of  reading.  These  values, 
however,  were  retained  because  the  d^sriordant  value  of  the  latitude 
arises  in  this  case  from  a  x^ondition  inherent  to  the  instrument,  and 
there  is  no  valid  reason  for  rejecting  them. 

SPECIMEN    OF    PBOGBAMME   OF   WORK    AND    BSGOBD    OF    OBSEBVA- 

TI0N8. 

The  determinations  of  latitude,  time,  and  gravity  during  the  same 
evening  made  it  necessary  to  utilize  the  intervals  between  the  star 
pairs,  and  sometimes  between  individual  stars  of  the  same  pair,  by  ob- 
serving for  time  with  the  meridian  telescope  and  noting  the  pendulum 
coincidences  with  the  gravity  apparatus, 
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The  following  schedule  gives  a  specimen  of  the  programme  from  18^ 
40™  10*,  the  time  of  observation  of  the  llrst  star  of  pair  1  of  Group  III, 
to  18**  55"^  21%  the  time  of  the  first  star  of  pair  2  of  the  same  group: 


Time. 


A. 

m. 

s. 

i8 

40 

10 

40 

40 

42 

00 

44 

00 

44 

50 

45 

50 

46 

10 

48 

oo 

48 

45 

49 

15 

50 

00 

50 

30 

51 

00 

i8 

St 

45 

52 

00 

54 

00 
00 

Occupation. 


Observe  star  No.  2633  (Pulkowa). 

Recoid  bisections,  read  levels  and  record. 

Read  inside  and  outside  theniiometers  and  wet  and  dry  bulb. 

Observe  star  No.  2647. 

Start  chronograph  and  switch  in  chronometer. 

Observe  p  Lyrae  for  time. 

Set  zenith  telescope  for  next  pair  of  latitude  stars* 

Compare  chronometers  and  mark  sheeL 

Point  telescope  for  0  Draconis. 

Observe  o  Draconis. 

Set  telescope  for  ^  Serpentis  (pr.). 

Observe  ^  Serpentis. 

Stop  chronograph,  switch  out  chronograph  and  start  flash  apparatus. 

Start  penduluMi. 

Read  manometer  and  thermometer  on  dummy  and  record  them. 

Observe  first  coincidence  and  make  record. 

Observe'star  No.  2681  for  latitude. 


Specimen  of  latitude  record,  i8*»  40™  io»  to  19'*  3™  7». 

Group  III, — July  4, 


Pair. 

Micrometer. 

Level  A. 

Level  B. 

Turns. 

Divisions. 

N. 

S. 

N. 

S. 

I 

25 
13 

82-5 
980 

8io 

2-0 

81  0 

11*9 
31-0 

34-0 
9-0 

628 
79.9 

826 
60*0 

a 

29 
II 

O'O 

628 

O'O 

627 

990 

625 

9-0 
31-0 

310 
9-0 

60-3 
8o-o 

800 
6o-i 

From  June  6, 1891,  to  November  16, 1891,  the  level  was  only  read 
after  the  bisections  of  the  star.  From  November  15, 1891,  to  June  26, 
1892,  readings  were  made  before,  as  well.  This  course  was  necessary 
because  no  electric  lights  were  provided  until  November  15,  and  the 
great  sensitiveness  of  the  levels  made  it  inadvisable  to  hold  the  highly 
heated  bull's-eye  lantern  near  enough  to  read  them  before  the  bisec- 
tion was  made. 

COMPARISON  OF  THE  LEVELS. 

On  the  whole,  level  A  appeared  to  be  more  sensitive  than  B.  They 
cannot  be  compared,  however,  in  regard  to  delicacy  by  reference  to  the 
individual  latitude  results  except  in  so  far  as  the  magnitude  of  the  dis- 
crepancies is  concerned.    If  one  level  is  more  sensitive  than  the  other, 
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whether  the  resulting  latitude  is  greater  or  less,  depeudH  on  the  diro<?- 
tioD  of  the  vertical  axis  of  the  instrument.  If  A  ha«  moved  fiirtlier 
thau  B  after  reversal  and  the  axis  of  the  instrument  points  to  the  north 
of  the  zenith  the  latitude  from  A  will  be  less  than  from  B,  whereas  in 
case  the  instrument  points  to  the  south  the  reverse  will  be  the  casu. 
So  that  the  only  way  is  to  take  actmil  level  readings  and  compare  them. 
The  means  for  the  readings  of  the  two  ends  of  the  bubble  being  taken, 
and  the  means  for  the  motiou  before  and  after  bise(;tious  of  the  star,  we 
have  the  following  table  from  Group  YII.  +  indicates  that  A  has 
moved  farther  than  B. 


Date. 

s 

4 

5 

6 

7 

8 

1892. 

d 

d 

d 

d 

d 

d 

Feb.     24 

-fo-28 

+025 

-f002 

+0-50 

— 022 

o-oo 

27 

+  -05 

+  -52 

-f  -So 

-f    07 

-h  -45 

-f-  -27 

28 

+  30 

4-    28 

-{-  -35 

f  -30 

+  -30 

•18 

29 

-f  32 

-f  -25 

-|-  -20 

-f    65 

+  -07 

-|-    -22 

.  March    I 

—  -15 

-f  -lo 

+  -18 

+   42 

4-    -12 

4    05 

2 

-f  -25 

+  -18 

+  -55 

+  -45 

-f  42 

-\-  -lo 

5 

+   "lO 

—    15 

4-  -30 

+  '17 

+   OS 

-f  -25 

9 

-f-    -22 

+  -25 

-{-    -22 

—    -12 

—    12 

-f  -lo 

10 

-f    -05 

—  05 

4-    '22 

-f    '22 

—   25 

*oo 

16 

-|-    '10 

+  -15 

-f    "lO 

-f     07 

4-    -22 

—  -18 

21 

-•48 

—  -20 

—   -20 

-f    -22 

-f  -lo 

■f  -IS 

24 

-f     2$ 

—  -lo 

—  '•28 

-f     30 

-f     02 

~    15 

The  figures  are  the  differences  between  the  motions  of  the  two  bub- 
bles, aud  the  table  shows  that  A  is  in  general  more  sensitive  than  I». 

In  order  now  to  see  the  effect  of  the  discrepancies  of  the  indications 
of  the  two  levels  on  the  final  latitude  results,  the  following  summary  is 
given.  It  is  made  up  from  Groups  III  and  VII,  involving  observations  iu 
the  warmest  part  of  the  year  and  the  coolest.  The  quantities  are  the 
latitude  from  level  A  minus  that  from  level  B.  The  mean  for  the 
results  in  August  and  September  is  —  0".0()2,  and  from  February  and 
March  we  get  —  0".022.  The  weighted  meiui  is  —  0".015. 
b.  Ex.  37—6  ^ 
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III. 

Date. 

« 

Pair— 

I. 

2. 

3. 

4. 

5. 

6. 

7- 

8. 

Star  first. 

N 

N 

N 

S 

N 

N 

S 

N 

9*A—  <pR 

(p\  —  <pn 

• 

<Pk     <P\\ 

(pK <P% 

<Pk     ^b 

<Pa     ^b 

^A 

1891. 

// 

ff 

// 

ff 

ff 

ff 

ff 

/ 

Aug.       5 

H-I4 

-|-I7 

+   11 

—•21 

-|-i6 

—  13 

—•43 

10 

•18 

H--28 

-15 

-•39 

—  09 

+  08 

—•34 

• — 

14 

+  09 

-I-06 

—  04 

—  -21 

— -02 

—38 

■28 



«5 

—15 

-05 

-•49^ 

—  04 

+  ■13 

~i6 

— -lO 

1 

-r 

16 

—  18 

+  07 

+  •03 

-13 

•00 

-■OS 

—42 

+' 

26 

—•23 

-f'35 

—•04 

•16 

—  20 

-f-oi 

—•23 

+ 

29 

-05 

-f02 

-f'09 

•18 

•00 

-j--o6 

—•17 

+ 

3« 

—•40 

--•10 

-[-•12 

—  •21 

-f-o6 

—•01 

—43 

-f 

Sept.      2 

-•33 

— -09 

-fo4 

+  05 

+•21 

+-H 

-•«3 

+ 

9 

—  11 

-f-IO 

— -06 

•34 

—•12 

-f-i3 

59 

— 

12 

—  19 

-I--23 

— •  10 

,—  11 

—•16 

-|--io 

— -02 

+ 

18 

+■06 

—  01 

+  09 

—•14 

— -22 

-•19 

—  04 

// 

// 

// 

ff 

ff 

ff 

ff 

/ 

•128 

-|-I02 

—•033 

— -172 

— .021 

-033 

—•265 

+  c 

Mean  of  results  for  8  pairs  r^r  — 0'''^662. 


VII. 

Date. 
Star  first. 


Mar. 


1892. 
Feb.     24 

27 
28 

29 

I 

2 

5 

9 
10 

16 

21I 

24 


Pair- 

2. 

4. 

s' 

6. 

7- 

8. 

N 

N 

S 

S 

N 

N 

<pK       <P^ 

<pK—q>\^ 

<Pk ^B 

fPk       <pB 

fpK     <Pn 

<Pk ^B 

ff 

ff 

// 

ff 

ff 

ff 

-f-II 

—15 

•00 

—  24 

-f-'4 

—  04 

•00 

-•32 

-•39 

—•03 

-f- 20 

+•11 

—  14 

— -11 

-•12 

•16 

+•18 

—  12 

+•17 

-•13 

—  ■20 

—  '33 

—•04 

-•'3 

-fi9 

—  06 

— -07 

— -21 

—  04 

+  02 

+•14 

+•" 

•30 

—•22 

— -22 

—•03 

—•04 

4-11 

—•10 

—•05 

—  01 

-13 

-[-•12 

-}  14 

-    12 

+  •08 

-f09 

—•04 

•00 

+  04 

—•12 

— -11 

+•15 

•00 

-f04 

fo9 

—•03 

-f-oi 

— -09 

+•08 

+■14 

+•14 

+  ■03 

—  04 

—  04 

— -06 

+  14 

-ho6 

-{-•22 

—•14 

— -02 

+•10 

+•072 

-f-*OIO 

—  100 

—  •120 

+  025 

— -020 

Mean=  — ^'-c 


6  pairs  give 
8  pairs  give 
Weighted  mean  = 


if 

— '022 
— -062 
—•045 


The  smallness  of  this  quantity  is  due  to  the  fact  that  there  are  al 
as  many  positive  as  negative  corrections.  If  B  is  always  more  slug] 
than  A  and  to  the  same  degree,  and  the  vertical  axis  is  inclined  as  o 
to  the  north  as  to  the  south  and  by  the  same  amount,  it  is  plain  1 
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the  means  of  all  the  latitudes  from  each  level  will  be  equal.  We  may 
i«asoiiably  supjwse  that  the  average  dittereuce  betweeu  A  and  B  as 
affecting  the  fiual  latitudes  is  considerably  less  than  the  weighted  mean 
given  above. 

ATMOSPHERIC  PRESSURE  AND  TEMPERATURE, 

The  barometer  and  thermometers  were  used  several  times  every  night 
in  connection  with  the  determinations  of  the  force  of  gravity.  The 
range  during  the  whole  year  is  so  small  that  these  factors  can  have  no 
inflaence  on  the  latitude  observations  as  far  as  changes  in  the  refrac- 
tion are  concerned.  The  inside  temperature  of  the  observatory  was 
about  a  degree  liighcr  than  the  outside  temperature  and  the  range  for 
the  whole  year  during  the  hours  of  observation  was  from  15^  0.  in  Jan- 
uary to  260  in  August.    The  barometer  ran  from  758"*"  to  768°*™. 

BATTERIES. 

The  following  batteries  were  employed  in  the  observatory  work. 
See  illustration  No.  12. 

1. 5  cells  bichromate  of  potash  battery  foi'  zenith  telescope  electric  lights.  Three 
cells  were  used  for  the  hand  lamps  and  one  cell  for  the  axis  lamp.  This  bat- 
tery required  renewing  every  two  months. 

!!•  2  cells  gravity  battery  (sulphate  of  copper)  for  chrouographio  registration  of 
star  transits.    The  battery  reqnired  attention  twice  during  the  year. 

in.  1  eell  Bnrnley  dry  battery  for  gravity  flash  apparatus.  Three  of  these  cells 
sufficed  for  the  entire  occupation  of  Waikiki  involving  observations  on 
nearly  200  nights. 

RELATIVE  PROBABLE  ERRORS. 

Since  different  opinions  are  hehl  ainonj?  observers  as  to  the  rela- 
tive meiits  of  increasing  the  nnniber  of  bisections  on  a  star  or  increas- 
lug  the  number  of  levels  to  be  read,  or  of  reading  the  levels  before  and 
after  the  bisection,  it  is  worth  while  to  examine  this  i)oint  in  the  light 
of  the  observations  themselves.  The  case  will  also  be  considered  where 
the  levels  are  read  only  to  the  nearest  half  division. 

It  would  evidently  be  a  wast/C  of  labor  to  work  out  all  the  different 
cases  or  combinations  that  could  arise  under  the  supposition  of  one, 
two,  or  three  bisections,  one  or  two  levels,  readings  made  before  bi- 
section or  after,  or  readings  made  with  two  different  degrees  of  a<'cu- 
racy.  This  would  require  24  cases,  being  the  number  of  combinations 
of  4  things,  taking  1  out  of  each  of  4  collections,  the  different  collec- 
tions containing  3, 2, 2,  and  2  things,  respectively,  or,  which  is  the  same 
thing  if  we  consider  the  bisection  and  thfi  inclination  as  the  necessary 
requisites  for  the  result,  we  have  two  collections  with  3  and»  8  things, 
respectively,  which,  as  before,  gives  24  cases.  Of  these  cases  the  fol- 
lowing are  worth  investigating  and  are  here  given  with  the  respective 
probable  errors  of  observations  and  that  of  the  mean  result.    The  ob- 
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servationB  chosen  are  those  of  Group  YII,  extending  over  one  mon 
from  February  24,  1892,  to  March  24, 1892,  giving  12  values  for  ea 
pair.  Pairs  1  and  3  were  not  included  in  the  investigation.  On  accor 
of  the  short  time  between  the  two  stars  of  pair  1,  and  between  pair 
and  3  the  full  complement  of  level  readings  could  not  be  made, 
one  of  the  objects  is  to  compare  results  from  readings  before  and  aft 
only  pairs  were  taken  giving  the  necessary  data. 

Probable  errors  of  observation. 


Group  VII. 

Pair. 

Mean. 

Probable 

error  from 

one  nij;ht's 

work. 

a. 

4- 

5- 

6. 

7. 

8. 

a 
b 
c 
d 
e 

f 
S 

•15 
•17 

•23 
•17 

•17 
•17 

•27 

// 
•17 

*I7 
•25 

•19 

•16 

•i6 

•22 

•18 
•19 
•26 
•21 
•18 
•22 
•24 

// 
•15 

•>5 

•17 
•18 

•15 
•16 

•15 

•15 
•15 
•14 
•18 

•14 
•17 

•15 

•14 
•21 

•14 
•12 

•12 

•21 

// 

•155 
•162 

•210 

•178 

•153 
•167 

•207 

// 

•039 
•040 

•052 

•045 
•038 

•042 

•052 

tf  =  3  bisections,  2  levels,  before  and  after,  nearest  tenth  division. 

^  =  3  Jsisections,  2  levels,  before  and  after,  nearest  half  division. 

f  =  I  bisection,  2  levels,  before  and  after,  nearest  tenth  division. 

^  =  3  bisections,  2  levels,  before,  nearest  tenth  division. 

#  =  3  bisections,  2  levels,  after,  nearest  tenth  division. 

y=  3  bisections,  i  level,  before  and  after,  nearest  tenth  division. 

g-=\  bisection,  i  level,  after,  nearest  tenth  division. 

a  and  b  have  reff>rence  to  the  accuracy  necessary  in  reading  the  levels. 

a  and  c  have  reference  to  the  number  of  bisections. 

a  and  dy  a  and  e,  have  reference  to  the  number  of  readings  to  be  made  of  level. 

a  and/,  have  reference  to  the  number  of  levels  to  be  read.  - , 

d  and  ^,  have  reference  to  the  time  of  reading  level. 

g  is  the  case  ordinarily  employed  in  the  field  of  work  of  the  C.  and  G.  S. 

a  is  the  case  employed  in  the  Waikiki  work  after  November  15. 

It  is  not  supposed  that  the  conclusions  drawn  from  this  investij 
tion  apply  rigorously  to  all  classes  of  instruments  or  to  widely  diff 
ent  conditions  of  work,  but  they  certainly  form  a  criterion  for  judgi 
of  the  most  advantageous  way  of  observing  with  i>ortable  instrumei 
as  pursued  in  the  field  work  of  our  own  service. 

THE  STAB  LIST. 

The  stars  observed  for  the  variation  of  latitude  were  identical 
the  two  observers  and  were  selected  by  Dr.  Marcuse  before  leavi 
Germany.    They  were  divided  into  8  groups,  making  a  total  uuml 
of  63  pairs.    This  list  was  prepared  with  great  care,  and  combines 
the  conditions  necessary  for  precise  latitude  work. 

The  zenith  distances  are  all  within  29^,  and  the  stars  are  so  select 
that  the  sums  of  the  north  and  south  zenith  distances  for  each  gro 
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are  practically  e<]ual.  The  declinations  of  the  stars  are  well  determined. 
Tbeir  proper  motions  are  for  the  most  part  kno wn^  the  stars  having  been 
observed  by  Bradley.  No  bright  stars  were  taken,  and  those  of  the 
same  pair  were  as  near  as  possible  of  the  same  magnitude.  Moreover, 
the  differences  of  zenith  distances  for  any  pair  did  not  exceed  18',  and 
the  difference  of  right  ascension  between  stars  of  the  same  pair  was 
never  more  than  17  minutes. 

The  mean  places  of  these  stars,  as  far  as  concerns  the  observations 
made  on  the  part  of  the  Coast  and  Geodetic  Survey,  were  derived  by 
Mr.Farquhar,  of  the  Computing  Division.  The  same  system  was  fol- 
lowed as  in  the  case  of  the  Bockville  observations,  and  the  following 
extract  from  Assistant  Schott's  report  on  that  work  is  a  statement  by 
Mr.  Farquhar  of  the  principles  on  which  the  reductions  were  made: 

"Combination  weights  used  for  adopted  polar  distances  in  Bockville 
latitude  list:  Twenty  catalogues  used  in  computing  latitudes  on  this 
Smvey  were  tested  and  their  probable  errors  rei>orted  in  June,  1890, 
These  results  were  made  the  basis  of  the  following  series  of  weights: 
the  unit  of  weight  corresponding  to  a  probable  error  of  ±  ^  jj"'!  and 

the  ratio  of  observation  error  to  systematic  error  being  taken  (for  all 
catalogues  alike)  =  VS^  so  that  ifw^  be  the  weight  of  an  infinite  num- 
ber of  observations  and  ici  of  one,  w  =  --7-7:  ^    =  zrr~K.  t«^i- 

'         w+o    00      n-|-o    * 

The  weight  of  no  x>olar  distance  therefore  can  exceed  six  times  that 
of  a  single  observation,  given  in  the  table  below: 


»i 

Lalande  $,  Weisse-Bessel  e 

0-015 

d'Agclct  a,  Piazzi  ft 

•02 

Rtimker  e 

•025 

Taylor  ft 

•04 

Groombridge  ft 

•06 

Armagh  '75 

•07 

Armagh  '40,  Jacob  ft,  Smyth  ft 

•08 

Auwers-Bradley  a,  Paris  '45,  Main  ft,  Glasgow,  Cape  '40  8 

•09 

RadcUffc  '60 

•10 

Raddiffc  '4S 

•12 

Pond  ft,  Cambridge  '30  ft,  Greenwich  6  yr. 

•14 

Washington 

•16 

Cape  '50  e,  Bonn>5,  Paris  '60,  Rome 

•18 

Paris  '75 

•20 

Henderson,  Greenwich  7yi,  Melb.  ft,  Cape  '80  e,  Ann  Arb.  e 

•25 

Struve  Pos.  M.  ft  Greenwich  I2y  (i  -{-  2),  Brussels,  Becker  e 

•3 

Polkowa  merid.  circle,  Greenwich  7y2,  Cordoba  y^ 

•35 

Abo  p,  Harv.  '85  e 

•4 

Greenwich  9y.,  Harv.  '75 

•5 

Leiden /9 

•6 

Romberg  a 

•7 

Pulkowa  vert,  circle/^,  Greenwich  Ipjr. 

•^ 
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Id  tliis  table  weights  were  deduced  for  catalogues  marked: 

a -  from  probable  errors  of  observation  given  in  the  prefaces  to 

the  catalogues. 
/3 from  Boss's  investigations,  %  of  his  weights  being  taken — 

i.  e.,  his  unit  being  supposed  to  correspond  to  a  probable  error  of 

y from  a  determination  of  systematic  error  by  myself,  using 

the  method  of  Boss. 

6 from  determination  of  observation  error  by  myself  and  for- 
mula above  as  in  {a). 

€ from  simple  estimate,  the  places  being  too  few  for  better 

methods. 

Others,  from  the  results  obtained  in  1890. 

Plazzi,  Taylor,  Jacob,  Main,  and  a  few  others  used  by  Safford,  I  have 
to  take  at  second  hand,  being  without  the  originals.  For  stars  of  the 
Berliner  Jahrbuch,  Dr.  Auwers's  combination  of  the  authorities  used 
by  him  was  usually  accepted,  §  of  his  total  weights  being  allowed  them 
(i.  «.,  his  probable  error  taken  =  ±  \/0"-i6  for  w=l)  and  the  weights 
of  this  table  used  for  the  remaining  authorities." 

The  following  is  the  list  with  the  squares  of  the  probable  errors  of 
declination  (e*)  and  the  proper  motion  in  declination  {pi) : 

GROUP  I. 


Pair. 

Right  ascension. 

Declinatinn. 

No.  Pulkowa. 

iPQa'o. 

iSgao. 

i». 

1*. 

1 
2 

3 

4 

5 
6 

7 

202I 
2027 
2056 
2064 
2093 
2113 
2126 

2134 

2139 
2146 

2163 

2177 

2204 

2214 

A,     m.     s. 

13  27  46 
30  2 
41  42 
44     16 

H      3    37 

13    59 
21     26 

27    40 
29    59 

36    32 
46    14 

54      0 

15      9    58 

17    16 

• 

or// 

—  7      4      3*21 
+49    34      5-82 

26     14    3875 
16    20      i'53 
44    22      5*68 

—  I    45    57-56 
-(-19    42    45-63 

22    44      858 
30    12    51-90 

12      7    3479 
37    42    5502 

4    59    56-95 

29    33    5505 
12    57     15-47 

•07 
•02 
•03 
•02 

-03 
•05 

•03 
•04 

•03 
•02 

•04 

•05 

•04 

•04 

•/ 

-4-002I 
-j-    '021 

—  -077 
-j-   'O29 

—  -032 

—  -079 
+   -017 
+   -030 

-f      119 

—  -105 

+   -090 

—  023 
+    -019 

—  "oaa 
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GROUP  II. 


Piir. 

Rig;ht  ascension. 

Declination. 

No.  Pulkowa. 

x89ao 

» 

1892*0 

1. 

€«. 

M. 

A.    in. 

s. 

0 

// 

// 

// 

// 

2387 

10    37 

14 

27 

7 

3074 

•07 

— -062 

1 

2409 

47 

10 

15 

9 

20-51 

•04 

— -014 

1        ^ 

2420 

56 

24 

22 

47 

29.61 

•OS 

-•043 

1 

2430 

59 

59 

19 

44 

5497 

•04 

—•016 

2437 

17      4 

6 

24 

37 

3876 

•08 

—  060 

2456 

15 

33 

18 

10 

751 

•06 

•  -'037 

2464 

19 

41 

16 

24 

232 

•05 

—  044 

2479 

26 

22 

26 

II 

3219 

•03 

-f'OlO 

f     ^ 

2501 

38 

3 

24 

37 

7  43 

•03 

-118 

2509 

42 

22 

17 

44 

1400 

•04 

— -017 

1    6 

25  <3 

44 

26 

25 

39 

3249 

•03 

—•049 

2532 

55 

15 

16 

45 

2680 

-09 

— -004 

2571 

18    13 

5 

13 

44 

11-14 

I  00 

— -02 

2580 

16 

13 

28 

56 

8-76 

•14 

-{-•001 

8 

2595 

22 

20 

26 

23 

5-89 

•04 

—•027 

2621 

32 

18 

16 

6 

21-20 

•04 

+  040 

GROUP  III. 


2633 

18    40 

10 

23 

28 

1 
54*41 

06 

— -085 

2647 

44 

II 

19 

12 

2893 

06 

—-02 

2681 

55 

21 

26 

3 

52-78         • 

06 

—  017 

2703 

'9      3 

7 

16 

41 

3376 

05 

—•319 

2718 

7 

37 

3* 

6 

12-17 

03 

— -009 

2743 

14 

48 

II 

20 

6-62 

18 

-f -029 

2798 

33 

52 

5 

9 

6-99 

03 

—•009 

2822 

40 

23 

37 

5 

3724 

•02 

+•038 

2824 

42 

27 

32 

37 

25-31 

20 

—  01 

2832 

45 

51 

10 

8 

43-83 

05 

—  163 

6 

2862 

54 

33 

22 

48 

27-34 

■02 

+  007 

2886 

20      0 

22 

«9 

40 

5432 

■05 

4-081 

7 

2893 

2 

39 

9 

5 

iO'33 

•06 

-f-oos 

2925 

II 

12 

33 

24 

8-09 

■08 

— -102 

8 

2936 

13 

48 

37 

41 

4986 

06 

— -010 

2949 

17 

50 

4 

59 

53*39 

05 

—  036 

GROUP  IV. 


6 

7 
8 


3155 
3170 
3182 
3192 
2899  Bradley 
3256 
3274 
3279 

3315 
3010  Bradley 

3345 

3367  . 

3390 

3419 

3436 

3463 


21  34  5 
38  46 

41  45 

45  17 

22  2  o 

8  o 

If  16 

15  I 

30  37 

41  20 

47  10 

55  6 


23 


3  9 

13  16 

17  38 

28  36 


I 

40 

2 

40 

24 

«7 

37 

5 

19 
22 

42 


+1 
41 
II 

30 


45 

39 
■II 

38 

49 

44 
12 

14 

43 
59 
44 
23 
32 
II 

43 
43 


2983 

•09 

41-17 

.  -07 

11-62. 

•08 

4324 

•07 

328 

•02 

4656 

-90 

39' » 7 

•04 

4837 

•04 

778 

•09 

50-50 

•02 

17-70 

•03 

3849 

•03 

2389 

•05 

1-85 

•04 

1836 

•03 

4490 

•02 

-•083 

•000 

— '022 
-000 

-|-*oo6 

—•075 
— -005 
— -018 
— -lOI 

~oi6 
-{-•009 
+  008 
-}--io8 

—  •004 

—  032 
— -019 
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GROUP  V. 


I 

2 

3 
4 

5 
6 

7 
8 


Pair. 

Right  ascenfsion. 

Declination. 

No.  Pulkowa. 

1899*0. 

1898' 

0. 

••. 

f». 

h,    f/t,     s. 

0 

/ 

// 

// 

if 

I 

88 

0    40     12 

44 

16 

1513 

•06 

—  •014 

III 

47     29 

—  1 

43 

5111 

•03 

— -020 

2 

122 

51     59 

28 

24 

2944 

•03 

— -025 

138 

59    23 

14 

21 

53*99 

•05 

+  033 

3 

170 

I      7    53 

24 

0 

42*00 

•OS 

—•030 

199 

20    26 

18 

36 

3652 

•04 

+•017 

4 

211 

24    31 

5 

35 

13*03 

•03 

—  044 

216 

28      2 

36 

40 

5973 

•03 

— -016 

5 

235 

34     12 

40 

I 

47*52 

•03 

— -026 

251  Bradley 

47     58 

2 

39 

14*74 

•03 

-foo8 

6 

270 

51     27 

i; 

17 

23*94 

•04 

—  032 

296 

2      0    42 

25 

II 

2046 

•06 

—  031 

7 

331 

12      7 

19 

24 

456 

•03 

— -002 

358 

23       4 

22 

59 

1 179 

•06 

—  018 

,  8 

367 

27     34 

18 

24 

12-55 

•12 

+•005 

375 

30    47 

24 

10 

3609 

•02 

—•019 

GROUP  VI. 


598 

4       I 

7 

37 

26 

3680 

•07 

—•180 

606 

5 

35 

5 

14 

2971 

•07 

-I--OIO 

629 

13 

4 

20 

52 

49*46 

•06 

— -050 

662 

21 

36 

21 

22 

4217 

•06 

—  066 

686 

28 

24 

5 

20 

29-01 

•05 

— -062 

725 

42 

38 

37 

17 

4894 

•03 

+•033 

732 

45 

3 

18 

39 

1968 

•04 

—  046 

75  » 

51 

15 

23 

46 

45*41 

•10 

—  033 

796 

5      7 

39 

2 

43 

55*50 

•09 

.  —013 

810 

II 

ZZ 

40 

0 

8-44 

•04 

—•667 

824 

15 

51 

8 

19 

15*77 

■07 

-f-oos 

841 

19 

40 

34 

17 

4571 

•07 

—  015 

866 

25 

53 

18 

30 

47*88 

•04 

— '014 

874 

28 

51 

23 

58 

1*37 

•04 

—  031 

939 

.    47 

59 

20 

15 

19-68 

•03 

—  108 

960 

55 

10 

22 

23 

5048 

•04 

■ 

—  024 

GROUP  VII. 


I 

1164 

7      4 

41 

27 

2 

015 

•04 

—  058 

1173 

6 

39 

15 

21 

3251 

•15 

+  015 

2 

1198 

16 

53 

25 

15 

2693 

•03 

—  •029 

1217 

25 

35 

17 

18 

54-88 

•07 

—  088 

3 

1223 

28 

41 

46 

25 

3*51 

•07 

— -040 

1232 

31 

55 

—3 

52 

1301 

•04 

-|-'020 

4 

1250 

40 

33 

ZZ 

40 

4822 

•02 

—•042 

529  Greenwich  87 

51 

24 

8 

55 

4655 

•25 

— -025 

5 

1 291 

55 

44 

~l 

5 

3572 

•06 

—  078 

1298 

59 

41 

43 

34 

1039 

•07 

— -056 

6 

1345 

8    21 

3 

-3 

37 

5696 

•04 

—  045 

1376 

33 

33 

46 

12 

44*13 

•04 

+  •083 

7 

1410 

45 

54 

32 

52 

42-29 

•05 

+•014 

1429 

51 

53 

9 

48 

12*15 

•07 

•000 

8 

1453 

9      2 

26 

27 

4 

32*24 

04 

-•384 

1464 

6 

23 

15 

25 

5097 

•05 

+•236 
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Pair. 

Right  ascensioD. 

i 

Deuliiialioii. 

1 

1 

t 

No.  Pulkowa. 

iS^a'o. 

189a' 

0. 

€«. 

1 

■  1  ■ 

A,     m.    s. 

0 

/ 

// 

// 

/f 

1585 

10      2     10 

10 

31 

36*16 

•03 

— '062 

1598 

8    54 

32 

00 

1413 

•03 

—•003 

1624 

19    34 

9 

20 

i-i6 

•04 

—035 

1640 

25    43 

32 

56 

1-22 

•03 

-f-'OIl 

1656 

32    58 

38 

28 

2262 

•05 

—  030 

1667 

37      3 

4 

8 

49*99 

•04 

-}--020 

1713 

54    48 

39 

47 

3»-4i 

•05 

— -022 

1727 

II       I     24 

2 

32 

3035 

•03 

—•072 

1743 

13     15 

38 

46 

40-06 

•06 

•080 

1754 

20  •  6 

3 

53 

4571 

•09 

—  043 

4875  Yaroall 

22    23 

—I 

6 

2037 

'11 

— -002 

1763 

24    40 

43 

45 

5742 

•04 

-f-063 

1739 

40     18 

7 

8 

4*47 

•04 

—•179 

1795 

44      5 

35 

3> 

54-18 

•II 

— -010 

8 

1802 

50      7 

16 

14 

51-97 

•04 

+  005 

1827 

6    22 

26 

28 

18-52 

•05 

— -050 

METHOD  OP  FINDINa  APPARENT  POSITIONS  OP  THE  STARS. 

The  reductions  from  mean  to  apparent  declination  were  made  by 
means  of  the  independent  star  numbers. 

In  Appendix  No.  13,  Report  for  1888,  a  differential  method  is  de- 
scribed. It^  application  reduced  the  time  and  labor  about  one-half  as 
compared  with  the  usual  way.  But  this  method  was  devised  to  meet 
those  cases  w^here  a  large  number  of  pairs  had  been  observed  on  a  few 
consecutive  nights.  The  time  of  occupation  of  a  station  was  supposed 
to  be  80  short  that  after  one  date  had  been  computed  all  others  for  that 
particular  station  could  be  derived  with  sufficient  accuracy  by  consid- 
ering the  finite  differences  of  the  variables  as  differentials. 

In  the  present  case,  however,  the  problem  is  entirely  different.  Here 
we  have  one  station  occupied  for  more  than  a  year,  and  each  group  of 
stars  was  continuously  observed  for  three  months. 

The  difference  in  the  two  cases  is  that  in  the  former  many  stars 
▼ere  observed  a  few  nights,  in  the  latter  a  few  stars  were  observed  on 
many  nights. 

It  is  evident  at  the  outset  that  whether  we  use  Bessel's  star  numbers 
<^  the  independent  ones  some  sort  of  check  computation  must  be  made. 
Moreover,  when  observations  are  made  on  every  clear  night  and  in  a 
locality  where  more  than  200  nights  can  be  obtained  in  a  year,  it  is 
piobably  immaterial  whether  we  compute  reductions  for  necessary 
dates  or  whether  we  simply  compute  for  every  other  day.  It  is  desira- 
ble to  have  the  apparent  declination  of  the  stars  with  no  greater  error 
than  one  or  two  hundredths  of  a  second  for  latitude  work  of  the  high- 
est precision.  A  comparison  of  the  changes  in  the  star's  position  be- 
tween successive  dates,  as  deduced  by  the  independent  numbers  and 
the  method  here  presented  of  applying  BessePs  numbers,  shows  that 
in  the  latter  case  the  errors  are  absolutely  without  significance^  whereas 
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the  time  of  reduction  is  only  about  one-fourth  that  required  by  the 
usual  independent  numbers. 

The  present  method  was  suggested  by  the  following  facta: 

First,  inasmuch  as  the  same  star  must  be  reduced  for  about  fifty 
different  dates,  a  method  should  be  employed  in  which  the  quantities 
depending  on  the  star's  position  and  those  depending  only  on  the  date 
of  observation  are  handled  separately.  This  avoids  the  introduction 
as  a  distinct  quantity,  into  each  day's  computation,  of  those  terms 
which  do  not  change  from  day  to  day.  For  example,  in  the  use  of  the 
independent  numbers  the  logarithms  of  sine  and  cosine  of  the  declina- 
tion are  added  to  the  others  for  every  new  date  computed.  Since  the 
star  constants  do  not  vary,  these  are  first  computed  and  then  applied 
to  the  differences  of  the  varying  day  numbers.  Besides,  since  a  num- 
ber of  stars  were  observed  on  the  same  date,  we  only  have  to  apply  the 
different  star  constants  to  the  same  differences  of  the  day  numbers 
throughout  the  three  months'  period. 

Of  the  day  numbers  it  is  to  be  remarked  that  the  principal  term  of  A 
depends  on  the  sine  of  the  moon's  ascending  node,  and  the  correspond- 
ing one  of  B  depends  on  the  cosine  of  the  same  function.  The  values  of 
A  and  B  can  therefore  never  exceed  very  much  the  numerical  factors 
of  their  principal  terms,  so  that  three  significant  figures  need  only  bo 
considered  and  they  may  be  dealt  with  by  means  of  Orelle's  tables.  C 
and  D  vary  as  the  cosine  and  sine  of  the  sun's  longitude,  and  only 
change  rapidly  when  they  are  small  in  amount,  so  that  their  changes 
also  are  such  that  Crelle's  tables  give  all  the  accuracy  necessary. 
Since  the  obliquity  is  practically  constant  as  far  as  these  reductions  are 
concerned,  and  as  the  sun's  longitude  does  not  change  more  than  a  few 
degrees  between  the  dates  chosen,  the  changes  in  0  and  D  are  either 
small  or  quite  uniform.  It  is  therefore  never  necessary  to  use  logarithms 
to  get  all  the  accuracy  desirable  for  the  reductions  to  apparent  place. 

The  star  constants  having  been  calculated  for  the  star  to  be  reduced, 
the  values  of  dA  and  dB  are  taken  from  the  Ephemeris,  and  dC  and 
dB  are  calculated  by  using  the  formulae 

dO  =  18-7  d  cos  0 
dB  =  20*4  d  sin  0 

the  values  for  dA,  dB,  dC,  and  D  being  tabulated,  the  star  constants 
a,  bj  c,  and  d  are  applied  and  the  sum  of  the  products  gives  the  reduc- 
tion from  one  date  to  another. 

The  following  table  gives  the  reductions  from  June  6  to  June  2d  for 
star  Iia,*  a  =  13**  27"»  46*,  d  =  —  7°  4',  and  a  comparison  of  differences 
for  the  two  methods.  To  compute  the  places  by  the  independent  star 
numbers  for  one  group  for  three  months,  required  generally  about  eight 
days,  and  a  check  computation  using  the  same  method  would  take  as 
long.  By  the  method  of  applying  differences  for  a  check  we  get  at  the 
same  result  in  about  two  days. 

*  Group  I,  Pair  1,  Star  a. 
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Results  from  observations  for  the  variation  of  latitude  at    Waikikij 

bawaiian  Islands. 


Dale. 

adA 

yd^ 

c'dC 

d'dxy 

£ 

Ind.  Nos. 

A 

{  June        6 

// 

// 

// 

// 

// 

// 

// 

—0195 

— 0-002 

+0-234 

— 0017 

-fO-020 

-f0022 

— 0*002 

8 

—   -162 

—  '025 

+  -237 

—  '015 

-h  -035 

+   -032 

+ 

3 

lO 

—  -102 

—   -029 

+  -238 

—  -012 

4-  -095 

+    -097 

— 

2 

12 

—  -061 

—   -Oil 

+  -239 

—  -oio 

+  -157 

+  -157 

0 

H 

—    073 

+    -013 

+  -239 

—  -007 

+  -172 

+  •J74 

— 

2 

i6 

—   '125 

-f   '026 

+  -240 

—  '004 

+  -137 

+  -139 

2 

i8 

—  -186 

-H  -014 

+  -240 

—  '002 

+  -066 

+  -062 

+ 

• 

4 

20 

—  -203 

—  -012 

-h  -239 

—  '001 

-f-  -023 

+   013 

+ 

10 

22 

~    175 

—  -033 

+  -240 

-f-  -003 

+  -035 

+  -041 

— 

6 

24 

—  '117 

—  034 

+  -239 

+  -006 

-f  -094 

+  -095 

— 

I 

26 
28 

—  -080 

—  -014 

+  -239 

-f  -008 

+  -153 

+  .153 

0 

2  +0-002 

The  sum  of  the  residuals  shows  that  the  apparent  places  for  this 
whole  month -could  have  been  obtained  by  simply  adding  the  diflFer- 
ences.  The  accumulation  of  error  for  the  entire  period  is  much  less  than 
0"-01y  so  that  this  short  method  is  quite  accurate  enough  to  check  the 
results. 

In  the  computations  I  had  the  help  of  the  following  persons  attached 
to  the  Computing  Division  of  the  Survey :  Mr.  H.  Farquhar  furnished 
the  mean  north  polar  distances  for  all  the  stars.  Mr.  A.  L.  Baldwin 
computed  the  apparent  places.  Mr.  H.  L.  Stidham  checked  these,  and 
assisted  in  the  final  reductions;  and  Mr.  H.  F.  Flynn  applied  the 
micrometer  and  level  corrections  and  deduced  the  latitudes.  The  final 
adjustment  by  least  squares,  the  reductions  to  the  mean  declination 
systems  and  the  derivation  of  the  daily  means  was  participated  in  by 
both  Mr.  Flynn  and  Mr.  Stidham.  At  tlie  beginning  of  the  work 
Sabassistant  John  Nelson  assisted  for  a  short  time.  I  desire  to  express 
my  obligations  to  all  these  gentlemen,  as  well  as  to  Assistant  C.  A. 
Scbott^  in  charge  of  the  pomputing  Division,  who  did  everything  in 
his  power  to  facilitate  the  work. 

Illustration  No.  14  shows  the  time  of  beginning  and  ending  the 
observations  of  each  group  and  the  period  during  which  any  two  or 
three  successive  groups  were  observed  at  the  same  evening.  This 
diagram  is  inserted  in  order  to  avoid  the  necessity  of  publishing  the 
individual  results  in  this  particular  form  on  a  large  sheet  for  the  sake 
.  of  showing  the  group  connections. 
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In  order  to  coDdeuse  as  much  as  possible  the  publication  of  the  ] 
tudes  now  under  discussion,  the  following  scheme  is  adopted.  Firg 
specimen  record  will  be  given  which  is  copied  from  the  book  of  obsei 
tion.  Secoud,  a  computation  of  one  latitude  showing  the  details 
giving  the  exact  tonn  followed  throughout  the  office  work,  and  fin 
a  general  table  containing  all  that  part  of  the  reduction  necessary; 
arediscussion  should  such  a  step  ever  be  thought  advisable,  either  f 
improved  values  in  the  star  places  or  in  the  instrumental  constants 

The  correction  for  inclination  of  the  micrometer  thread  is  applie 
the  refraction  column. 

Specimen  of  record. 

GROUP  VII,  PAIR  7. 


Date. 

Micrometer  reading. 

Level  A. 

Uvel  B. 

D  A«ni«B4> 

Turns. 

Divisions. 

Before. 

After. 

Before. 

After. 

1892. 

d. 

d. 

d. 

d. 

d. 

d. 

d. 

d. 

Feb.  20 

23 

83-0 

82-2 

820 

9.9 

34*5 

IO-2 

34*9 

59*3 

828 

600 

832 

Distinct 

i 

13 

274 

27-5 

28-3 

34-8 

lo-i 

35-2 

IO-8 

833 

6o-o 

837 

6o'2       steady. 

Specimen  of  computation. 

GROUP  VII,  PAIR  7. 


Date. 

Pos. 

Micrometer. 

Level. 

Mer. 

T" 

V.-t2 &2- 

Lvcf;uiiauo 

Reading. 

X 

Diff.Z.D. 

N. 

S. 

Diff. 

Dist. 

1892. 

/.    d. 

t. 

d. 

d. 

d. 

d. 

J. 

0        / 

Feb.  20 

44*4 

44*9 

+0-5 

N 

23  82-4 

451 

46-0 

0'9 

15 

32  52  4! 

S 

13  277 

— 10 

547 

142- 1 
143-2 

«43-5 
143*9 

1-2 

0-7 

13 

9  48  11 

Sum  and  half  sum. 

Corrections. 

Latitude. 

Meai 

1 

Micrometer. 

Level. 

Ref. 

Mer. 

0      /       // 

/      // 

f/ 

+0-IS 

tf 

// 

ff 

21^ 

42  40  57-29 

•27 

-fo-04 

24*16 

21    20  28-64 

—  4  04-67 

•37 
•22 

_0'07 

+  -oi 

•25 

24'' 

GROUP  I,  PAIR  I. 

The  latitude  value  may  differ  in  some  eases  from  that  which  w< 
apparently  result  from  tbe  corrections  given.  This  comes  from  1 
lected  decimals.  In  the  computations  four  values  were  derived  cc 
spending  to  the  level  readings  before  and  after  bisection  and 
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I         n  m         IV         Y       GROUP        IB9I 


Ko.14 
June         0 


1 

July 

1 

15  n 

•**A7"* 

10 

6    32 

IS 

*«)* 

Aug. 

19 

« 

18 

Il- 

^'^ 

Sep. 

28 

Nov.    7 

1891 

Nov. 

7 

o»»^ 

r 

Dec.  17 

ia 

29 

^  ,. 

1 

Jan.  26 

1892 

1 

»i 

1**    6"" 

Mar.  6 

5      S 

s 

,0-  2*^ 

Apr.  15 

7^e  tin 

te  gi^en 

.tJ  the 

9      f 

IS**  vT 

May  25 

Right  A 
heginnL 
of  e<uh 

scerhsun 
tg  ojnd/ 
group. 

vof  thB 

^nding 

II     « 

July  4 

IS    17 

IS    52 

GROUP     Yi      vn      vm      I       n 

Diagranv  showing  the  method,  of  connecting    the  Groups. 
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GROUP  I,  PAIR  7. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Correctioas. 

Utit 

iV. 

S. 

Afic. 

Lmi. 

lie/. 

Jtf^r. 

1891. 

/.  </. 

/.  d. 

•     /       // 

/     // 

// 

// 

// 

•     / 

June    6 

20-34-3 

19-96-7 

21    15  4630 

4-0  37-68 

+0-33 

-f*OI 

4-*o3 

21  16 

7 

20-407 

20*96'8 

4645 

3621 

-hi -76 

-f 'OI 

-h-03 

8 

20*04-4 

21-687 

4660 

3812 

-  -34 

4-'oi 

-f-o3 

9 

20*40-8 

22-OI'4 

4674 

37-26 

i-  -79 

-f*i9 

-I-03 

10 

I9-38-8 

20-93-1 

4688 

3580 

-h  79 

-h-oi 

4-03 

II 

1975-5 

21  ^S^ 

47-03 

37-79 

-   48 

-f'OI 

+-03 

12 

20-38-4 

22-00-8 

47-18 

37*68 

—  71 

4-'oi 

4--03 

13 

I9-83-4 

20-39*0 

4738 

36- 10 

-h  -90 

-J--01 

+  03 

15 

20-687 

21*26-6 

4776 

3663 

—  -19 

■f*OI 

+•03 

17 

I9-07-8 

2o-57'i 

4815 

34-64 

+1-37 

-f'OI 

-f--o6 

18 

I8-257 

19-80*0 

4834 

35-80 

-h  -39 

-f-oi 

-f-o6 

19 

I9'I2*0 

20*60-2 

4849 

3438 

-f  -82 

-|--oi 

-f-o6 

22 

19*927 

21-32-2 

4888 

32-36 

-1-271 

-f'OI 

4-*o6 

24 

19177 

20-60-2 

4910 

33-06 

4-2-18 

-f-oi 

4- -06 

26 

1870-1 

20*13-8 

4936 

33'34 

-fi-39 

-f -OI 

-f-*o6 

27 

1 7-96-8 

I9-430 

49-52 

33-92 

+  -85 

-J--OI 

-|--c6 

28 

19*90-0 

21*38-5 

49-67 

32-59 

+2-03 

-|-'OI 

-f--o6 

30 

4 

19-23- 1 

20-67-5 

50-00 

3350 

-f  -56 

-f  01 

-I--04 

^ 

GROUP  II,  PAIR 

I. 

1891. 

t  d. 

i,  d. 

0    /      // 

/      // 

// 

// 

//          0     / 

June  10 

IO-2I-8 

30-74-1 

21  08  28-22 

4-7  56*10 

+  -51 

— 'OI 

4- -03 

21  16 

II 

1013-5 

3069-5 

28-40 

56-96 

•82 

— *0I 

4- -03 

13 

9*87-3 

30-36-2 

2879 

5531 

-f   '12 

-h-14 

4--03 

15 

9-84-5 

30- 30-0 

29-25 

54-52 

4-  -67 

— *2I 

4- -03 

17 

10-40-6 

30-81*3 

29-74 

53-41 

4-1-39 

-h-14 

4- -05 

18 

10-32-2 

3076-7 

29*96 

5429 

4-0-41 

4--14 

4- -05 

19 

IO-28-4 

30*72*1 

30*20 

5411 

4-014 

4--14 

-ho5 

22 

10-14-8 

30-66*8 

30-73 

5603 

—2*58 

4--14 

4--05 

24 

9-02-9 

29-35-5 

31-04 

51-53 

-f-i-88 

4--14 

-h-o3 

26 

9-40-0 

2972-5 

3138 

51-51 

4-i*i8 

4--14 

4-05 

27 

9-26-4 

29-62-4 

31-58 

52*32 

4-  -43 

4--14 

4-05 

28 

9-68-0 

29-938 

31-77 

4996 

4-278 

4--14 

-1-05 

,,    30 

8-46*5 

28-85*1 

32*20 

52-92 

-  -23 

4--14 

4- -05 

July   4 

8-99-0 

^9-36-0 

3301 

52-55 

—179 

4--14 

4--05 

7 

9-11-8 

29*46*7 

33-42 

52-07 

— 1-05 

+•16 

4--04 

8 

9*24-7 

29-57-0 

33-58 

51-46 

—  -97 

-h-14 

4- -05 

17 

10*58-0 

30*69-1 

3514 

46*54 

4-1-94 

4--14 

4- -05 

18 

889-5 

29*16-9 

3528 

50-33 

-1-35 

+  06 

-f*i6 

22 

999-8 

29-21*8 

3570 

49-07 

-  -65 

-hl4 

-h*o6 

23 

9-06-0 

29*22-0 

35-82 

47-68 

-f  i*o6 

4--14 

4-05 

25 

8-49*2 

28*65*2 

3607 

47-68 

-foo8 

-f-*o6 

4- -07 

26 

9-38-3 

29-52-8 

36-22 

47-33 

4-1-34 

4--14 

4--05 

27 

9-88-3 

29*08-5 

3638 

48-66 

-  -64 

4--14 

4--05 

29 

8-91-2 

29*99*1 

36*71 

45-80 

4-  -97 

4--18 

4--04 

Aug.    2 

8*807* 

28-91-9 

37-12 

46-57 

4-  -52 

4--14 

4-05 

3 

8-590 

28-736 

37-18 

47-36 

—  *o6 

4-14 

4- -05 

4 

9-13-9 

29*25-8 

37-25 

4673 

—   51 

4-14 

-f-05 

5 

895*2 

29*02-4 

37-32 

45-64 

4-1-57 

-h-14 

4- -05 

6 

890-4 

28-936 

37-40 

44-71 

4-1-99 

-f*i6 

4-06 

10 

9-54-2 

29-653 

3783 

4654 

o-oo 

4-14 

4--05 

12 

8-88-4 

28-94*0 

38-06 

45-27 

4-0-47 

4--14 

4--05 

13 

9'67'3 

29- 70*  I 

3814 

44-62 

.4-1-34 

4--14 

4- -05 

14 

831-9 

28-47-4 

38-22 

47-57 

—1*42 

4--14 

4- -05 

15 

9-61-4 

29-67-1 

38*26 

45-29 

4-  -41 

4-14 

4- -05 

16 

9-577 

29-61-2 

38-30 

44-78 

4-1*29 

4-14 

-f-05 
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BmiU  from   observations  for  the  variation  of  latitude  at  Waikikij 

Sawaiinn  Islands. 


GROUP  II,  PAIR  2. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

CoirectioM. 

Latitude. 

N. 

S, 

Mic, 

Level. 

AW' 

Mer. 

1891. 

/.    </. 

t.    d. 

0     /       // 

/      // 

// 

/> 

// 

0      /       // 

Jaoeio 

20*48-0 

20*89*0 

21    16   13*12 

-f 0  0951 

+  1*11 

-f-15 

+  03 

21    16  2392 

II 

21  •007 

21*50*0 

n'3p 

11-44 

—0*63 

-foo 

+  03 

2414 

13 

1977-4 

20*21-0 

13*70 

10*11 

-fO-46 

-f-oo 

-I--03 

2430 

»7 

2o-47*o 

20*83*5 

1466 

08*47 

-f  2*11 

-•47 

4.-04 

24*81 

18 

20S3'2 

21*93-4 

14*91 

09*32 

+0*32 

•00 

+•05 

24-60 

.     '9 

I8-85-9 

19185 

15*16 

07*56 

■f  1*44 

•00 

4-05 

24-21 

24 

1 9- 76-6 

20*04*3 

1606 

0643 

+  1*65 

*oo 

+^5 

24-19 

26 

I8-85-0 

19*  14*6 

1640 

0687 

-[-1*40 

•00 

4-06 

2473 

27 

20-55-3 

20*85*6 

16*60 

06*89 

+0*48 

*oo 

4-05 

24-02 

28 

I8-93-9 

19*14*8 

16*81 

04*85 

-1-2*27 

*oo 

4- -OS 

23-98 

r,     ^° 

19-46*2 

1973-2 

1726 

06*26 

4-0*32 

-00 

4-07 

23-91 

JuJy    4 

20-56-7 

20*89*0 

1811 

07*49 

-175 

•CO 

-h*o5 

23-90 

7 

19*66*1 

19*95*5 

18*59 

0682 

—0*78 

*oo 

4-05 

2468 

8 

1973-3 

19*90*5 

1873 

0399 

-f-108 

*co 

+  05 

2385 

17 

i9*86-5 

20*03*8 

20*40 

0401 

—0*32 

-00 

+  •05 

24-14 

18 

i9*6o-8 

1973-9 

20*54 

03-04 

— 0-22 

•08 

4-06 

2334 

M 

1 9*64' 7 

i9-8i*7 

21'02 

0394 

—0-85 

•00 

4- -05 

24*16 

23 

18*62*9 

18*68-4 

21*14 

01*28 

+  1-59 

•00 

4- -05 

24*06 

24 

18*92*2 

19*00*0 

21*26 

oi*8i 

-h  -57 

*oo 

4-06 

2370 

25 

19037 

19*08*0 

2142 

01 -oo 

4-  -91 

-00 

+  03 

2336 

26 

19*25*2 

19-^7-3 

21*57 

0049 

4-1-85 

•00 

4-05 

2396 

27 

19*787 

19*86*3 

21*74 

0176 

-h  -32 

•00 

+•05 

2387 

29 

19*66*6 

19*75*8 

2208 

02-13 

-^^67 

•00 

+•05 

2359 

.       ^^ 

I9-39-3 

i9*4«-5 

22*36 

02*13 

—  -88 

— -02 

4-05 

23*64 

Aug.  2 

19*27*6 

19*29*1 

22-56 

00*35 

-f  -98 

-00 

H--05 

2394 

3 

I9-450 

19*50*8 

22*64 

0135 

—  -34 

•00 

4-05 

23*70 

4 

"9-3S-3 

19*36*0 

22*72 

-f  0  oo-i6 

+1-23 

—  03 

4-07 

2415 

5 

i9'34-3 

19.376 

22-8o 

4-0  oo*77 

-f    03 

•00 

4-05 

23*65 

6 

19*21*5 

19*17*0 

22*88 

— 0  01*04 

+2*45 

•00 

4--05 

24-34 

7 

i8*6i*4 

I8-S9-3 

22*99 

— 0  00*49 

-fi*i9 

•00 

4-05 

23-74 

10 

19*55*0 

19*58*9 

2336 

-f  0  00-90 

—  -43 

•00 

4-05 

23-88 

13 

19*40*1 

19-30*7 

23*72 

—0  02  18 

-j-2*07 

*oo 

+•05 

2366 

14 

1 8*99*9 

18*99*0 

2379 

— 0  00  21 

+0-05 

•00 

4- -05 

2368 

>5 

19*26*7 

I9-38-4 

2387 

-\-o  027 1 

—2-85 

•00 

4- -05 

23*78 

16 

19*50*0 

- 

19*47*2 

'23*92 

—0  00-65 

—  02 

•00 

4*05 

23-30 

S.£](*97— • 
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U.    8.    COAST   AND    GEODETIC    SLBVEY. 


GROUP  II,  PAIR  3. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

La 

N. 

5.  . 

Mic, 

Level, 

Ref, 

Mer. 

189I. 

t.     d. 

/.  d. 

0     /       //. 

/      // 

ff 

// 

ff 

0     i 

June  13 

29*  1 9*  2 

9-86- 1 

21   23  53-32 

—7  28-45 

4-  -95 

—•13 

-f-03 

21    II 

17 

29*64-2 

IO-22-2 

5432 

3052 

-f-i-i6 

—13 

-f-03 

18 

2975-9 

iO'38-3 

5456 

2949 

—  -07 

— -»3 

-h-03 

22 

28-71-0 

9-26-5 

55-39 

31-10 

+  -96 

-17 

4-02 

24 

29*  1 4' 2 

9-63-7 

5574 

32*49 

-fi-97 

—  17 

4--02 

26 

28-03- 1 

8542 

5609 

32-12 

4-  -88 

-n 

+•03 

27 

28-10-6 

8-64-8 

5630 

31-40 

•08 

— -13 

i--03 

28 

28-20-6 

8-71-2 

5650 

32-23 

4-  -08 

—•17 

4- -02 

30 

28-05  0 

8-55-1 

56-97 

32-35 

+  -09 

-17 

4- -02 

July     4 

28-35-3 

890-4 

23  5785 

31-19 

— 2-00 

-•^3 

-h-03 

17 

28- II -8 

9-50-5 

24   00-2I 

3499 

-    46 

— -14 

4-04 

18 

27'62-8 

801-7 

00-36 

3495  1  —  "61 

-•17 

4-02 

22 

2871-5 

9-12-4 

00-87 

3448   —1-36 

—  16 

4-05 

23 

28-88*0 

9*  1 4*3 

01-00 

37-87 

-f-'-55 

— -«3 

4-03 

26 

28-84-0 

8-357 

01-44 

37-64 

-h  -90 

—-"3 

+•03 

27 

28-38*2 

8-76-8 

01  63 

35-02 

—1-23 

— -»3 

+  05 

29 

28-"25-6 

8-58-9 

01-98 

3624 

—1-45 

--17 

4- -02 

Aug.    2 

2889-4 

9-10-0 

02-50 

3919 

-f-  -88 

—  17 

4- -02 

3 

28-09-6 

8-403 

02-58 

36-85 

—    65 

-•13 

4-03 

4 

28-81-2 

908-3 

02-66 

37-68 

—  -45 

-•'5 

4- -02 

5 

28-37I 

8-61-0 

02-76 

38-42 

4-  .10 

-13 

4-03 

6 

27-82-0 

8.01 -8 

0284 

39-38 

-fr24 

~-i3 

4-03 

7 

27-758 

8-08-9 

02-95 

3fe-B9 

—1-67 

--«3 

-f-03 

10 

28-91-5 

9-16-6 

0334 

3815 

-  -57 

-«3 

4- -03 

II 

29-83-5 

901  9 

03-98 

3970 

-h  -48 

•13 

4--01 

>3 

28-47-5 

8-59-8 

03  72 

41-12 

-fi-70 

-13 

4-03 

14 

28-85-8 

9-06-2 

0382 

3924 

— 0-02 

-•>3 

4- -05 

16 

28-46-7 

8-63-7 

0395 

40-03 

+    -24 

—  13 

4--03 
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Rmta  from  observations  for  the  variation  of   latitude   at  Waikikij 

Hawaiian  Islands. 


GROUP  II,  PAIR  4. 


Dite. 

Micometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

M 

5. 

Mu, 

Level, 

Ref, 

Mer, 

1891. 

t.    d. 

/.  d. 

0     /       // 

/      // 

// 

n 

ff 

0     /       // 

June  10 

2I'II-4 

17-62*2 

21  17  45-34 

—  I    2IOI 

00 

--•03 

4- -03 

21    19    2433 

II 

20-03'2 

16*58-2 

45-54 

2004 

1-79 

—•18 

4-03 

23*56 

13 

20-29*1 

16*76-6 

4594 

21*78 

00 

—•03 

4-03 

24*16 

17 

21 -91 -4 

i8*34'4 

46*92 

22*82 

+  -04 

—•03 

4- -05 

24*16 

18 

20-55*9 

1702-9 

4718 

.21*89 

—1-15 

•03 

4- -05 

24*16 

'9    20-53-5 

I6-89-6 

47*44 

24*42 

-|-r26 

—-03 

4-05 

24*30 

22 

I9K4-3 

l6'20*l 

48*04 

24*49 

^-  -17 

-•03 

4-05 

2374 

26 

I9-64-3 

15*98*  I 

4877 

24-95 

+  -03 

—•03 

+•05 

23*87 

27 

19.84*0 

16*21*9 

48*98 

24-00 

—  -66 

-03 

4--05 

2434  • 

28 

20-549 

16-92-0 

49*18 

24*19 

-  -97 

—•03 

4-05 

24-04 

,.   ^° 

20*00*7 

16-32-5 

49*66 

2542 

—  -51 

— -oi 

4-04 

23*76 

July   4 

20-93*6 

17-29-9 

50*58 

2437 

— 2*41 

—•03 

4- -05 

23-82 

7 

19*55-6 

i5'340 

51*09 

2620 

—  -70 

H-oo 

-f-o6 

24-25 

8 

20^4'4 

16*49-7 

51*24 

29-24 

-f-i*66 

—•03 

4- -05 

23-68 

17 

20-64-2 

16*83*9 

53*02 

28-22 

— rio 

—-03 

4- -05 

23-72 

18 

19-347 

I5-5I-8 

53-18 

28-83 

— 1-20 

■03 

-ho6 

2318 

22 

20-25*8 

16*47-9 

53-72 

27*67 

— 2-15 

-•03 

-h-05 

23*92 

23 

19-03-6 

1603*7 

53-86 

3045 

-f  -67 

— '03 

4--05 

24-10 

24 

19*860 

16*01*3 

5400 

29*24 

— I -20 

—-03 

+•07 

23-60 

26 

20-38-3 

16*44-2 

5433 

31-42 

+  -83 

—  03 

+  05 

23*76 

27 

19737 

15-87-9 

5451 

29*50 

—1*37 

-•03 

4-05 

2366 

29 

20-65*3 

16*76-1 

54-88 

30-29 

-•87 

—  03 

-+*o5 

23-74 

,     31 

20-32-5 

16*47*9 

5520 

.     29*22 

—2*46 

—•03 

f*o5 

2354 

Aog.   2 

20-35-8 

16*41-6 

55-44 

31-45 

—  -oi 

—•03 

4-05 

2400 

4 

20-74-3 

16-82-3 

5563 

30*94 

—  -99 

—•03 

4-05 

23*72 

5 

20-62-8 

16-69-5 

5572 

31*24 

—  '13 

-03 

4-05 

23-77 

6 

20-47*5 

16-47-2 

55*82 

32*86 

-h  -24 

—  03 

4-05 

23-22 

7 

20-33-9 

16-455 

5593 

30*10 

—2*65 

-f-oi 

4-04 

23.23 

10 

2O-20-I 

16*28*1 

5635 

3094 

—1-47 

-•03 

4-05 

2396 

II 

20*16*6 

16*17  9 

5650 

3249 

—  -12 

—  03 

4- -05 

23*91 

«3 

20-55-3 

16-50-2 

56-76 

33'9^ 

-h  -58 

—  03 

4-05 

2338 

H 

;80-440 

16*30-0 

5688 

3604 

4-2-44 

—•03 

4-05 

23-30 

15 

20*48*5 

i6*43*4 

5695 

3398 

4-0-79 

•03 

4-05 

23-78 

16 

•  20*35  7 

16-28-3 

57*02 

34-51 

4-1-29 

—•03 

4-05 

23*82 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


GROUP  II,  PAIR  5. 


Date. 

M  icrometer. 

Mean  app. 
Dec. 

• 

V  Corrections. 

Latlt 

iV. 

S. 

Mic, 

LeveL 

Ref, 

Mer, 

1891. 

/.     d. 

/.    d. 

0     /      // 

/      ff 

tf 

// 

ff 

0     / 

June  II 

I2'26'5 

27*24*1 

21    10   37-17 

+5  47-42 

—  -61 

-f*IO 

+•03 

21    16 

13 

I2-74-3 

27*65*8 

37S9 

46-01 

+  -52 

-j-'io 

+  03 

17 

I3-93-8 

28*77*4 

3858 

44*17 

+1*64 

—37 

4--04 

18 

I3-69-2 

28-56  8 

3884 

45-IO 

+  '33 

-f'lO 

4-05 

22 

1279*0 

27*59*3 

3974 

43-41 

-hi -23 

-f*IO 

4-*o5 

24 

ii'59'2 

26*31-2 

40*12 

41*48 

+219 

4--I2 

4- -05 

. 

26 

I2-93-8 

27*71-8 

40*50 

42*87 

-fl*28 

-|-*IO 

4-05 

27 

I3-47-2 

28*25*9 

40*72 

43'«H 

+  -32 

+•14 

4- -04 

28 

I2-8I-5 

27*61*3 

4093 

4329 

-\-   '12 

-i..io 

4- -05 

,  ,      ^° 

iiSi*3 

26*27-2 

41*42 

42-39 

4-  -36 

4--I0 

4- -05 

July     4 

12-5II 

27*32*9 

42-36 

4376 

—1-56 

4--IO 

+•05 

8 

i2'8o'4 

27*487 

43-06 

40*62 

+  •" 

-j-'io 

4-.05 

17 

12*017 

26*63*2 

4490 

39-05 

-•38 

+•07 

4--05 

18 

1 2' 19*  I 

26*81*8 

4510 

39-32 

-  -47 

-f-09 

4--05 

26 

I2'5I-I 

26*55*1 

46*30 

36-38 

+1-30 

+•09 

4-05 

27 

11*84-9 

26*4'>*o 

4650 

37-56 

-  -30 

4-09 

4--05 

29 

1 1 '69*4 

26-23*1 

46-84 

37-24 

—  '33 

4-07 

4-*04 

Aug.    2 

i2*3i-6 

26*78*5 

47-50 

35*66 

+  -92 

4-09 

-I--05 

3 

12*03*3 

26*55*2 

4760 

36*82 

— i*i6 

4-09 

4-05 

4 

I2*54*0 

27-05*9 

4771 

36-82 

—  -27 

4-11 

-f-o5 

5 

11*77*9 

26*26*1 

47-82 

3596 

+  -18 

4-09 

4- -05 

6 

I2-63-3 

27-05*3 

47*92 

3452 

-f  1*10 

-f-09 

4--05 

7 

"74-5 

26-30-9 

4804 

37-86 

-1*96 

4-09 

+  •05 

10 

12790 

27-28-8 

4848 

3633 

— 105 

4-09 

4- -05 

13 

1 2-46*9 

j26-8f  I 

4893 

3271 

-|-2*00 

-f-09 

4-05 

14 

11-967 

26*39*9 

49*06 

3480 

—  -34 

4- -09 

4-05 

15 

12*41*0 

26*76-3 

4915 

3297 

4-1-48 

4-09 

4- -05 

16 

11*72*4 

26*13*1 

4923 

34*22    -f  -29 

4-09 

1 

4  05 

GROUP  II,  PAIR  6. 


L 


1891. 
June  13 

17 
18 

»9 
22 

26 

27 
28 

30 

July     4 

8 

18 

26 

27 
29 

31 

Aug.    3 

4 

5 
6 

7 
10 

13 
14 

15 
16 


/ 


14*82*8 
1503*0 
14*18-8 
13-51-8 
14-03-1 

I4-87-7 
14*00*6 

14*87*1 

13*82*9 

14*22-2 

14-43-6 

14-53-2 
13*38-6 
13*17*0 
13.37.6 

13-421 
14*26*4 

13-53-2 

13-92-5 
13-55-2 
14-67-5 
12*76*3 

i3'44-6 
13-46*2 
i3*28-9 

1373-3 


/.    d, 
25*12*4 
25*26*2 
24*46*6 

23-73-3 
24*20*7 

25*02*2 
24*17*7 
25*06*5 
23*97*0 
24*41*5 
24*49.7 

24*48*3 
23*25*2 
23*12*7 
23-31*2 
23*36*0 
24*17*6 
23*42*4 
23*82*0 
23-29-2 
24-60*6 
2263*0 
23*16*4 
23*27*2 
23*05-0 
23*51*8 


/ 


21 


/      // 

12  25-48 
26*50 
2676 
27*02 
27*66 

2843 
2866 

28-88 

29*36 

3033 
31-06 

33*12 
34-38 
34-58 
34-98 
3534 
35-74 
35-84 
3594 
36-06 
36-18 
-36-64 
37-10 

37-24 
37*34 
37-43 


+3 


• 

1 

// 

tf 

tf 

ft 

58*85 

4-  *68 

— *ii 

4--02 

57-37 

+1-23 

—•41 

4--07 

58-44 

—   *20 

4-07 

4-05 

56-97 

+1-55 

-18 

4-04 

56-07 

+1*32 

+•03 

+•04 

55-35 

4-1-24 

4- -07 

+•05 

55-95 

-f-  -23 

4-*o7 

+-05 

56-49 

—  -24 

+•07 

+•05 

55-26 

+  -55 

+-OS 

4--04 

5647 

—2*08 

+•07 

+-05 

53-40 

4-  -47 

+-07 

4--oq 

5085 

4-  -32 

4--07 

+•05 

48-88 

4-1-26 

-f-07 

4- -05 

50*99 

-  -59 

+-07 

4- -05 

50-50 

*68 

4--IO 

4-08 

5057 

— 1-50 

■f-03 

4-04 

4994 

->  -61 

4-07 

4--05 

49-48 

-•76 

4-*io 

4-*o6 

4955 

—  -44 

+  03 

4-04 

45-95 

4-2*12 

+-03 

4- -04 

50*38 

— 2*29 

4- -07 

4-05 

48-90 

—  -99 

4- -07 

4--05 

45-44 

4-2-24 

4- -07 

4- -05 

4758 

—   -31 

—•05 

4--I2 

46-44 

4-  *7o 

4--08 

4--o8 

4700 

+  '3'i 

4--07 

4--05 

1 

// 


21    16 
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ResulU  from  ohservatioTis  for  the  variation  of  latitude  at  Waikikij 

Satoaiian  Islands. 


GROUP  11,  PAIK 

'  7. 

Date. 

Micrometer. 

Me&napp. 
Dec. 

Corrections. 

LaUtude. 

I 

AT. 

S. 

V*V. 

Level. 

Ref, 

Mer, 

/  '«9i. 

t.   d. 

/.  d. 

0     /       // 

/     // 

// 

f/ 

// 

Of         // 

/  June  10 

24-37-6 

15-99-5 

21  20  02*46 

—3  37*62 

—  73 

—•06 

+•03 

21    16  24*08 

/        'I 

24727 

i5'33i 

0308 

37*97 

-•46 

—  06 

-f'03 

24*62 

/        "^ 

24*86*2 

I5-43-5 

0440 

38-69 

—  -69 

— -31 

+•05 

2476 

/         '9 

24-04*1 

15-497 

04*66 

41.41 

+  1*07 

—  06 

-f*o6 

24-32 

/             22 

25*177 

15-65-7 

0533 

40-85 

—  -09 

— -06 

+•06 

24*39 

/             '^ 

24*537 

14*97-0 

06*13 

41-94 

+  *4i 

—  06 

-f-06 

-       24*60 

1             n 

2505*3 

I5-53-I 

06-36 

4090 

--  *70 

•06 

+•06 

24*76 

f              ^ 

24*00*0 

14*395 

0658 

42*82 

+   06 

06 

-f--o6 

2382 

T,      3° 

25*11*0 

I5-55-8 

07*08 

41*59 

-  *95 

—•06 

+-06 

2454 

'  J«iy  4 

23'37-3 

I3-87-5 

08-10 

4104 

—2*87 

—  03 

+.06 

24*22 

8 

24-45S 

14-82*0 

08*82 

43*52 

--67 

—•10 

+•05 

24*58 

i8 

24-19*1 

14*47*8 

11*05 

45*33 

—1*31 

•06 

4-07 

24*42 

22 

24*64*3 

I4-9I*6 

11*71 

4565 

—1-96 

—  06 

+  04 

24*08 

23 

24-64-4 

14-79*9 

11*87 

4839 

■f  -34 

—•12 

-f-04 

23-74 

24 

24-10*8 

14*28*3 

12*03 

4792 

—  -09 

—•06 

-f*07 

2403 

26 

24-41-8 

14-56*1 

12-41 

48*67 

-h  -64 

•06 

-f*o6 

24*38 

27 

24*26*2 

I4*47*9 

12*62 

4695 

—1*39 

06 

-fo6 

2428 

29 

24-64-3 

14*85-5 

1305 

47*07 

-1*38 

—  06 

4- -06 

24-60 

.    30 

23-60-5 

13-76*4 

13-26 

4830 

—  72 

—•06 

-f*o6 

2424 

I  Aag.  2 

23*44*6 

13-567 

1376 

49-18 

—  -41 

—•10 

-f-*o5 

24*12 

\            3 

24-35» 

14*531 

13-89 

47*8i 

—  1-70 

—  06 

+•06 

2438 

4 

23-59'3 

1374*4 

14*02 

48-48 

-1-59 

-06 

-f*o6 

23*95 

\           5 

24-H'3 

14-3 1 -o 

14*14 

48-11 

—1-99 

—  06 

-f*o6 

24*04 

1           ^ 

24*02*7 

1408-3 

14-26 

50.69 

+  108 

—  06 

-f*o6 

24*65 

7 

24-66-7 

14*73*5 

14*39 

50-41 

-f  -09 

—  06 

+•06 

24*07 

I         10 

23'33-3 

13-46*6 

14-88 

48-90 

—I  94 

•06 

-|-*o6 

24*04 

13 

2366-3 

13-63-0 

15*40 

52*75 

-1-1-25 

— *o6 

-f-06 

2390 

14 

24-60-4 

14*67*0 

1556 

50*46 

—103 

— -06 

-|-*o6 

24*07 

'5 

24-20*4 

14-26*9 

15-68 

50*48 

— 1*26 

-06 

-{-•06 

23*94 

16 

23-52-0 

I3'54'8 

15*78 

51*34 

—  -40 

•06 

-f-06 

2404 

GROUP  II,  PAIR  8. 


1S91. 
June  10 

«7 
18 

19 
22 

26 
27 

28 


30 

8 
18 

22 

24 
26 
29 

Ang.  2 

3 

5 
6 

7 
10 

13 
H 
IS 


L    d, 
18*12-3 
17-38*2 

17*437 
17*83*5 

I8-55-5 
17-70*6 

18-00*4 

16-58-6 

17-23*2 

17*22-7 

16-55*3 
16-84*5 
16-63*1 
17*11*5 

1574*9 
18-35*8 

17*02-6 

16*83*1 

16-74*4 

16-60*6 

16-70*7 

16*63*0 

1 6-65-0 

17-24-6 

17-046 


/.   d. 
22-78-8 
21*937 

2  2-06' 9 
22*39-2 
22-13*2 
22*22*0 
22-53-2 
21*03*0 
21*72-5 
21-64-7 
20-89-7 
21*16-8 
20-89*9 
21*28-1 

20-OI-6 

21*587 
21*21*6 
21-05*6 
20*95*4 
20«68-6 
20-78'4 
20-82*8 
2o*75*6 
21-37-6 
2116-8 

21- 24- 7  I 


o 
21 


14 


// 

34*76 
36-42 
3670 
3698 

37*64 
3850 

38*72 
3896 
39*46 
41*30 

43*54 
44;23 
44-56 

44*95 
45-61 

45-82 

46*36 

46*50 

46*70 

46*89 

47*02 

47*54 
4808 

48*24 

48-49 1 


/      // 

+  1    48*22 

4567 
4746 
45*72 
46*18 

44*72 
45*04 

4309 
44*23 

42*54 

40-77 
40*29 

39*01 

36*64 

3899 
38*11 
37.20 
38*01 

37*67 
3465 

34*58 
37*39 
3525 
35*8i 
3562 

34*44 


// 

+0-23 
+  1*55 

—  -22 

4-1*83 
+     30 

-fio5 

—  *0I 

-fi-17 

+  -36 

—  -02 

—  59 
-•58 

+  -39 

+1*55 
-98 

—  *26 
-f  -76 
— i*o6 

—  93 

-f-2-24 

+1*74 
—1-32 

+  *67 

—  .19 
-•38 
+  -38 


// 
+•03 

+  03 

—45 
+*o3 
+•03 
-f*03 
+*o3 
+•03 
+•03 

+  03 
4-*o6 

■4-*03 

-f--03 

+•03 

+*07 
— -00 

+•03 
+•03 
+*o3 
+•03 
+•03 
+•03 
+•03 


/t 

4- -03 
+•07 
-I-05 
4--I6 
4- -05 
+-05 
-f-05 
-f-o8 

+•05 
+•05 
+•05 

■f*i3 

-h*o5 
+•05 

+  05 
+•04 
4-08 

-f*o5 

-f-05 

+.05 
+•05 
-f-05 
-f-05 

-f*o5 


// 


21  16 


+*03\  Vos\ 
\  •Vo3\  VQS\ 
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U.  8.   COAST  AND   GEODETIC   SURVEY. 
GROUP  III,  PAIR  I. 


Date. 

Micrometer. 

Mean  app. 
Dec: 

Corrections. 

I^Utud< 

vv. 

S, 

Mic. 

Level.- 

Ref, 

Mer. 

1S91. 

t.   d. 

t.   d. 

0    f    ft 

%t    // 

// 

// 

// 

0     / 

July     4 

25'8r5 

14-00-0 

21  20  37'i8 

—4  10-89 

-1-73 

—-07 

-f-05 

21    16   24 

8 

2472-2 

i3-8o'4 

3802 

13-28 

—  -12 

—-07 

+•05 

24 

17 

2478-9 

13-80-0 

40-10 

I4'93 

-•65 

—-07 

+  05 

24 

18 

24- 36- 2 

i3-35'5 

40-32 

15-34 

—  -32 

—  07 

-f-o5 

.       24 

23 

25-22-1 

1308-6 

41-22 

18-32 

+  1-78 

-05 

+•05 

24 

24 

24-90-5 

13-82-2 

41-40 

1711 

-j-  -50 

—  07 

+•05 

24 

26 

24*22*9 

1 3*05 -o 

41-80 

«9-34 

+  1-94 

--07 

+•05 

24 

27 

24-877 

13-79-4 

4202 

17-11 

--65 

—•07 

-I--05 

24 

29 

24-48-8 

13.390 

42-49 

17-46 

-   -91 

—•07 

+•05 

24 

30 

2432-0 

13-18-4 

42-71 

18-36 

•00 

—-07 

+-05 

24 

Aug.   3 

24-48-3 

I3-3I-0 

4344 

19-20 

-  -15 

—•07 

-f-05 

24 

5 

24-15-1 

13-00-3 

4370 

1862 

—  -52 

—-07 

+  05 

24 

6 

24-83-5 

13.57-6 

43-85 

21-19 

-fi-88 

—  07 

-f-05 

24 

7 

24-76-6 

I3-48-4 

4399 

21-72 

+  1-87 

—•07 

+•05 

24 

lO 

24-67-5 

1 3^49-9 

44-53 

19-27 

-    70 

-•07 

+•05 

24 

13 

24'53-4 

13-22-9 

45*10 

22-26 

+  I-02 

—•07 

-f-05 

23 

14 

25-12-8 

1 3-88-4 

45126 

20-84 

—   -04 

—  -07 

-f-05 

24 

15 

24-66  2 

13-41-0 

45-42 

21-03 

—  '30 

+•01 

+  08 

24 

16 

24-74-2 

13-48-5 

45-54 

21-14 

•00 

—07 

+  05 

24 

22 

24-54-8 

13-151 

46-21 

2439 

+2-44 

—07 

-J--05 

24- 

23 

24-90-4 

13-58-6 

46-36 

22-56 

-i-  -64 

—  07 

-f-05 

24 

25 

25-12-6 

13-81-0 

46-68 

22-51 

-\-  -62 

— -07 

-f-05 

24 

26 

2496-5 

I3-5I-3 

46-83 

25-67 

-f3,62 

—-07 

-f-05 

24 

29 

24-87-9 

13-500 

47-19 

23-98 

-f-87 

—•07 

-f-05 

24 

Sept.  2 

25'987 

I4-49-3 

47  44 

2664 

+4-12 

— -07 

-I--05 

24 

9 

25-61-1 

14-25-3 

48- 1 1 

23-49 

—  -30 

--07 

-f-'05 

24 

12 

24-94-1 

14-57-8 

48-32 

23-60 

—    30 

—■07 

+•05 

24 

18 

25-11-4 

13-69- 1 

48-44 

2500 

-fi-i7 

—-07 

+•05 

24 

19 

25-50-6 

I4-U-I 

48-50 

24-35 

+  .57 

-•07 

-I--05 

24" 

26 

25-16-0 

13-76-8 

48-80 

24-28 

4-  .38 

— -07 

+•05 

24- 

28 

24-854 

13-44-0 

48-74 

24-79 

+  .58 

—•07 

-f-05 

24- 
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RmU$  from  observations  for  the^  variation  of  latitude  at    WaikiJcij 

Matcaiian  Islands* 

GROUP  III,  PAIR  2. 


Dite. 


Micrometer. 


1891. 
July   4 
8 

17 
18 

22 

26 

27 
29 

30 

Aug.  2 

3 

5 
6 

7 
10 

14 

'5. 
16 

20 

22 

23 

25 

26 

29 

,     31 

Sept.  2 

6 

9 

"5 

iS 

19 
26 

«7 
28 


a: 

28-997 
29-49*6 

29'64*3 
28-81-6 
28-27-5 
28-51  6 
28-47-9 
30-II-6 
29*  1 3-0 
29*16-8 
29*18  I 
28-60-6 
29*68-2 
28*85-3 
29-50-9 
29-38-7 
29-25-6 
29-61-1 
29-757 
28-85-8 
29-82-9 
28*88-7 

29*34-4 
28-89-8 

29'43-9 
29*23-1 

29-73-9 

29*29-9 

29-33-8 

29*96*3 

28-71*8 

29-17*7 

29-23*7 

29*87*6 

2975-7 

29*28*1 

28-17-3 


S, 

/.  i/. 
1-62-7 
2-07-5 
2*14-3 
2-34-9 
0-79-0 
0-905 
0-90-1 
2-54-0 
1-52-6 
1-55-2 
i-6o-o 
0-97-6 
2-05-4 
1-19-4 
1-82-4 
1-62*7 
1-63-3 
1-85- 1 
I  •99*6 
1*12*8 
2-05-5 
1-06-4 
II -53-* 
107-8 
1-62*2 
1-32*2 

>-93-4 
1*48*9 
1-55*1 
2-o8*3 
o*95*8 

1-21*1 
1*29-2 
1-99*6 
1-82-5 
1-28-2 

o*25'9 


Mein  app. 
Dec. 


21 


/       // 

23  07  24 
08-10 
IO'22 

IO-45 

11*22 
11*40 

11*99 

12*22 
12-70 
12*92 
13-16 

»3'54 

13-70 

13*99 
14*14 

14-28 

14-84 

1544 
15-61 
15-78 
15*92 
16-38 
16*64 
i6-8o 
17*14 
17*29 
17*70 
17*86 
17*98 
18-36 
18-72 
19*07 
19*17 
19*22 
19-62 
19*60 
19-59 


Corrections. 


/ 

:^6 


// 

42*96 
44*14 

5  97 
5*21 

563 

4855 

778 

7*74 

8-39 
8-66 

8*85 
8*99 
8-94 
9-66 
0*27 

2-00 
883 
2'00 
2-03 
1*31 
233 

347 
324 
340 

5*46 

305 
3-16 

2-63 

479 
2-00 

6-78 

630 

479 
6-00 

7'55 
558 


Level, 
// 

—  *oi 

-|-  -20 

—  -18 

—  -88 

—  1*34 

4- 1 -97 

—  -34 

—  41 

—  46 

—  15 

—  -90 

—  -28 
-.   82 

—  -50 
+  -42 
-fi-97 

—2-08 
+  -51 

—  *I2 

-  58 
-f  72 
-I-I-29 

-h  -55 
-f-  -57 
-f  84 
4-2*46 

—  -31 
-•38 
—1-12 

-h  92 
—2-14 

-I-I-94 
+  1-50 

—  -22 

-h  -35 
-{-172 
-f  -24 


Ref, 


20 


Mtr, 
// 

-fos 
+  05 

-f-o5 

+■05 

+•05 

-^•05 
-I-05 

-f-13 
+  05 

+  -05 

-f-05 

-f  05 

-I- -06 

+•05 
+  05 

+  05 

+•05 
+•05 
-+••05 

+•05 
-f*o5 
+-05 
-f-05 
-f-05 
+  05 
-f-o5 
-f-o5 
-f-05 
-f-05 
-f-o5 
+  05 
4-05 
+•05 
4-05 
-fo5 

+•03 
-f-05 


Latitude. 


21    16 


24-20 
24*09 
24-00 
24-29 
24-18 

2477 
23-80 

24*00 

23-78 

24*04 

24-34 
24-20 

2385 
23*76 
24*22 
24*18 
2386 
2388 

2339 
2382 
24-24 
24-13 
23-8» 
2390 
2458 
24*22 
24-27 
24*25 
24.16 
24-42 
24-51 
24*16 
2430 
24-14 
23*90 
2368 
24-18 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


GROUP  III,  PAIR  3. 


Date. 

Micrometer. 

Mean  app. ' 
Dec. 

Correctiona. 

LaUtude. 

N, 

S, 

Mic. 

Lewi. 

Ref. 

Mer. 

1891. 

i.    d. 

t.   d. 

0     /       // 

/      // 

// 

ft 

tt 

0      /       // 

July    4 

14-66-8 

23-401 

21   13  02-18 

+3  22-59 

—  -26 

-f-o6 

-f-04 

21    16   2462 

8 

I4-53-2 

^3-21-8 

03-04 

21-50 

-I-.-I2 

+•06 

-f-05 

2476 

17 

I5-05-I 

23-67-2 

05-16 

19-99 

—1-62 

+-06 

-f-o5 

2364 

18 

14*  1 3*4 

22-73-0 

05-40 

•  19-41 

-    32 

-f-06 

-f-05 

24*60 

22 

14*63*4 

^3-24'3 

06-19 

19-72 

—1-68 

4' -06 

-f-os 

2434 

23 

I4-930 

23-43'8 

06-37 

17-37 

-fl-20 

4-09 

-f-06 

25-09 

26 

14790 

23-30-7 

06-98 

17-58 

+  -24 

-f--io 

4-04 

24-94 

27 

i5-o67 

23-60-7 

07-20 

18-12 

• 

-1-35 

4- -06 

-f-o5 

2408 

29 

I4-89-2 

23-380 

07-68 

16-91 

-  -45 

4--I0 

-f-04 

24-28 

30 

14-207 

22-69-3 

07-91 

i6-8b 

—  -42 

-f'o6 

-f-05 

24-46 

31 

i5*34'' 

23-84-9 

08-14 

17-37 

— 1-40 

4- 08 

-f-os 

24-24 

Aug.   2 

I4-23-8 

22-70-9 

08-S4 

16-51 

--64 

4- -06 

-f-os 

24-52 

3 

i5-49'5 

2399-0 

08-70 

17-07 

—1-06 

-f-09 

4- 06 

24-86 

5 

I504-3 

23-50-2 

0900 

16-24 

-  -63 

-f-o6 

+-OS 

24-72 

6 

15-187 

23-61-4 

09-16 

i'5-49 

—  -54 

4- -06 

-f-os 

24-22 

7 

iS-SS-8 

23-92- 1 

09-30 

*  14-01 

+  -98 

-j--o6 

-f-o5 

2440 

10 

1 5-00-9 

23-46-4 

09-86 

16-14 

—1-87 

4-06 

-f-<5s 

2424 

13 

14-87-9 

23-20-6 

10-48 

13-17 

-f  -36 

-fo6 

-f-os 

24-12 

14 

15-25-0 

23-62-3 

10-65 

14-24 

-  -97 

-f-06 

-f-os 

24-03 

15 

15-29-7 

23-72-0 

10-83 

15-40' 

—1-72 

-f-o6 

-h-os 

24-62 

16 

i5S4'3 

2388-5 

10-98 

'3-52 

—    13 

-f-o6 

-f-os 

2448 

20 

I5-55-I 

23-856 

11-46 

12-66 

-f  "27 

4- -06 

-f-os 

24-50 

22 

14-81-6 

23-13-6 

"•73 

13-01 

—  -3' 

-J--06 

-f-05 

2454 

23 

14*51-2 

23-82-1 

11-89 

12-76 

—  -34 

-f-06 

-fos 

2442 

26 

I5-36-9 

23-57-3 

1240 

10-32 

+  1-40 

-f-o6 

-f-05 

24-23 

29 

iS-53-5 

23-82-3 

12-82 

12*27 

-•98 

-f-o6 

-f-05 

24' 2  2 

31 

I5-56-5 

23-862 

1300 

12-48 

-  -93 

+•06 

-f-os 

24-66 

Sept.  2 

14-76-1 

23-03-5 

1314 

11-94 

—1-40 

+•03 

+•05 

2376 

,         6 

i5'29-8 

23-55I 

13-53 

11-46 

— 102 

+•05 

-fos 

2407 

9 

14-86-8 

23-151 

i3-9> 

12-15 

—1-91 

-f-05 

-f-05 

2425 

12 

IS-4I-9 

23-667 

14-18 

11*34 

—  1-65 

-h-05 

-f-os 

2397 

15 

I5i7'3 

23*337 

14-31 

09-39 

-f  -14 

-f-05 

-f-05 

2394 

18 

i4'98-6 

23-15-1 

14-43 

09-42 

-    05 

-f-05 

-f-05 

23-90 

19 

14-62-7 

22-82-6 

14-50 

10-20 

-  -45 

-}-oi 

-f-04 

24*30 

26 

14-80-7 

22-92-3 

14-94 

0828 

+  -53 

-f-05 

+•05 

2385 

27 

14-84*2 

22-98-9 

14-94 

09-00 

-f  -52 

+•05 

-f-05 

24-56 

28 

H-97-4 

23-09-1 

M-93 

08-30 

+  -79 

-f-o5 

-f-os 

24-12 
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BeiulUfrom  observations  for  the  variation  of  latitude  at   Waikikij 

JSawaiian  Islands. 


GROUP  III,  PAIR  4. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

N. 

S, 

Mic, 

Level, 

/le/. 

Mer, 

1891. 

f.  d. 

/.   d. 

0     /       // 

t      // 

ff 

ff 

ff 

0     /        // 

J^    4 

8-470 

31-29-2 

21    07    12-46 

+9  J2-63 

—  -76 

-h 

■19 

+  05 

21    16  24*57 

8 

7*oo-3 

y>-^yz 

13*34 

12*82 

—  I-I2 

-h 

17 

4- -06 

25*26 

17 

7'67-8 

3I-42-3 

15*47 

10*85 

—2-19 

+ 

17 

-h-06 

24*36 

18 

8*41 -6 

31*12-4 

15*72 

0999 

-      96 

+ 

17 

-f-o6 

24-98 

23 

6*65'8 

30-26-9 

16*71 

07*74 

-f     17 

+■ 

12 

+•09 

24-83 

26 

6-93-9 

30'53-« 

17*32 

07-30 

—  '49 

4-' 

17 

-f.*o6 

2436 

27 

673-5 

30-36-6 

17-56 

0827 

-1-58 

-f" 

17 

-j--o6 

2448 

29 

6*40*0 

29*99-0 

1806 

07-25 

— 1*46 

-f' 

^1> 

+  •05 

24*13 

30 

7731 

31-326 

18-30 

07-37 

-1*39 

+' 

16 

4.-06 

24*50 

Aug.  2 

7-81 -2 

3»*377 

18*95 

06-67 

—  1*23 

-h' 

12 

-f*04 

24*55 

3 

6-62-6 

30-22*2 

19-12 

07-39 

-I -81 

+' 

10 

+  04 

24*84 

5 

6-977 

30-53-9 

19-44 

06*60 

—1*96 

-f' 

16 

+  06 

2430 

7 

6-37-3 

2984-5 

19*76 

04-51 

-f  -20 

+• 

16 

4-*o6 

24*69 

10 

6-537 

30-07-2 

20*33 

0598 

-1*99 

+• 

16 

4- -06 

24*54 

13 

7-07-3 

30-50-1 

20*97 

0350 

—  -21 

-I-" 

16 

-f-o6 

2448 

14 

574-2 

2917-9 

2I*l6 

0370 

— i-i6 

+ 

.16 

-f*o6 

23*92 

'5 

6'36-2 

29*89-0 

21*35 

05-82 

—2*64 

+ 

16 

-f*o6 

24*75 

16 

7-02-6 

30-44-6 

21*52 

03*31 

—  71 

+ 

•16 

-f*o6 

24*34 

20 

6-03-9 

29-415 

22-04 

02*29 

—    24 

+ 

16 

+  06 

24*3 » 

22 

6-66-5 

30*10-0 

22*33 

03*66 

-I-5I 

-h 

16 

4- -06 

2470 

23 

7-11-2 

30-50-4 

22-50 

02-66 

•68 

+ 

16 

4- -06 

24-70 

1          ^5 

6-845 

30-17*3 

22*86 

01-18 

—    *I2 

+ 

•16 

-|--o6 

24*14 

26 

6.14-4 

30*44*1 

2305 

00*46 

■^  V 

-f 

•16 

4- -06 

24*14 

1          29 

7-10-0 

30*44*7 

23*52 

01*62 

-1-83 

+ 

16 

-f*o6 

23*53 

31 

707-5 

30-43*5 

23*74 

01*92 

—2*08 

+ 

-16 

-fo6 

2380 

'  Scpc.  2 

7-o7'i 

30-38*7 

23*90 

00-90 

-  *84 

+ 

16 

+-06 

24*18 

6 

7-05-9 

30*40-6 

24*34 

01*62 

—2*04 

+ 

•16 

-f-*o6 

24*14 

9 

7-09.4 

30'46-2 

24-76 

02*10 

— 2*76 

+ 

•16 

-h-o6 

2432 

12 

707-9 

30-40-8 

25*09 

01*20 

—2*33 

-f 

•16 

-f*o6 

24*18 

15 

7-42-6 

30-65-8 

25-26 

+8  58-95 

—  *I7 

+ 

-16 

-i--o6 

24*26 

18 

7*30*3 

30'52*i 

25*44 

5862 

—  -44 

-f 

16 

-f*o6 

23*84 

19 

6*75*5 

30*00-4 

2552 

59-34 

—  1-36 

-4- 

•i6 

4-06 

23*72 

26 

6-98-8 

30*18-6 

26-10 

58-16 

~-65 

+ 

-16 

4-06 

2383 

27 

7-5o*4 

30^68*9 

26*12 

57-86 

-  *48 

+ 

16 

4-06 

2372 

28 

5-965 

29*19-5 

26*13 

5890 

-•83 

+.16 

4-*o6 

• 

24*42 

• 
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U.    S.    COAST   AND    GEODETIC    SURVEY. 


GROl'P  III,  PAIR  5. 


Date. 

Microifteter. 

Mean  app. 
Dec. 

Correctioos. 

Latitud 

N, 

s. 

Mic. 

Level, 

Ref. 

Mer, 

1891. 

t,  d. 

/.   d. 

0     f     ff 

/      // 

ff 

ff 

ff 

0    J 

July    4 

29707 

11-877 

21  22  54-44 

—6  3043 

—  -79 

-fo5 

21    16   21 

8 

2771-5 

IO-83-8 

5536 

3«'52 

—  -32 

+•05 

21 

17 

27"25-5 

10-30-3 

5756 

3326 

-•76 

+•05 

2^ 

18 

28-09-6 

II-I2'5 

5780 

33-70 

—  -66 

— ' 

+•05 

21 

22 

27-530 

10-55-0 

5864 

33-91 

—  1-27 

— 

+  05 

2^ 

23 

27-45-5 

IO-I6-5 

58-84 

3646 

+1-30 

— ■ 

22 

-f-o8 

21 

26 

27-98-2 

IO-88-6 

59-47 

36.60 

-f  -53 

— ' 

+  05 

2j 

27 

27-98*9 

10-955 

5971 

35-16 

-  -75 

-f -05 

21 

Aug.   2 

27-89-4 

10*79-8 

23  01-14 

36-60 

-  -57 

15 

-f-04 

21 

5 

27-94-5 

10-79-3 

01 -66 

3790 

-  -38 

-f-05 

21 

7 

27-64-8 

10-41-9 

01.98 

39-69 

+1-36 

— ' 

15 

+  04 

21 

10 

27-528 

10-39-8 

02-58 

37-39 

—1-27 

— " 

+  •04 

21 

13 

27-62-2 

10-34-7 

03-25 

40-75 

+  -83 

+•05 

23 

14 

27-26-2 

1004-3 

0352 

3946 

—  -50 

-f-05 

21 

>5 

27-82-7 

1064-3 

03-67 

3864 

-1-35 

— • 

+•05 

21 

16 

2784-4 

10-24-9 

0382 

40-15 

-f  .18 

— ■ 

■+-•05 

2' 

20 

28-59-7 

1 1-29-7 

04-36 

41-33 

-f  -55 

— ' 

+  05 

21 

22 

2790-3 

10-63-4 

0468 

40-62 

-  -48 

+•05 

21 

23 

28-03-5 

1073-4 

0484 

4136 

+  -23 

4--05 

21 

25 

28-568 

11-23-6 

05-22 

42-08 

+  -67 

— ■ 

f-05 

K 

26 

28-91-7 

11-58-1 

05-42 

42-17 

-h  -52 

— ' 

-f-os 

23 

29 

28-23-7 

11-01-3 

0590 

3957 

—2-00 

— ' 

4- -05 

M 

31 

28-42-0 

II-I2-6 

0614 

4120 

—1-05 

— ' 

-f-05 

21 

Sept.  2 

29-14-7 

11-71-1 

0632 

44*49 

-{-2-I9 

-J--05 

2' 

6 

2802-8 

1075-5 

0676 

40-71 

-1*74 

— 

15 

-f-04 

2^ 

9 

27-549 

10-27-4 

07  20 

40-75 

—2-00 

+•05 

2ij 

12 

28-27-6 

10-89-9 

07-56 

43-12 

76 

-f-o5 

21 

IS 

28-39-0 

1 1 -95-8 

07-75 

4440 

+  -19 

13 

+  03 

2- 

18 

28-81-2 

1 1 -38-6 

0794 

4426 

-f  -26 

-f-o5 

21 

'9 

2771-5 

10-29-3 

o8-o2 

44-16 

—    -12 

— 

+•05 

21 

26 

28-77-5 

IO-53-I 

0864 

4468 

—     32 

— 

15 

-l-'04 

2j 

27 

28-95-3 

10-51-2 

08-66 

4460 

+    -lii 

■11 

+•05 

24 

28 

27-876 

10-44-2 

08-68 

44*44 

—  -lo 

—•11 

-f-05 

24 

REPOBT   FOR   1892 — ^PART   II. 


91 


BesfdU  from  observations  for  the  variation  of  latitude   at   Waihikij 

Hawaiian  Islands. 

GROUP  III,  PAIR  6. 


Dite. 

Micrometer. 

Meanapp. 
Dec. 

Corrections. 

Latitude. 

a: 

S. 

Mc. 

Level. 

Ref. 

Mer, 

1891. 

/.  d. 

t,  d. 

0     /     // 

f      ff 

// 

ff 

ff 

0      f      ff 

July   4 

I6-47-5 

21-41-0 

21    14  29-50 

+  1   54-48 

-f    *20 

4  03 

4--05 

21    16   24*26 

8 

I5-86-6 

^or^r^ 

3046 

53-93 

-     03 

-f-03 

4-05 

•     2444 

>7 

15-64-2 

20*49*6 

3272 

52-61 

-•83 

4-03 

+  05 

24-58 ; 

18 

1670*6 

21-49*7 

32-97 

51*14 

—     03 

+-03 

4--05 

24*16 

22 

I5-47-8 

20-30*5 

33-86 

51-98 

—    -91 

—  01 

4- -04 

2496  ' 

23 

1607*3 

20-73*1 

3406 

48*06 

+2*03 

+•03 

4--05 

2423 1 

26 

I6-52-8 

21-22*7 

3472 

4901 

-fi*07 

4-03 

4--05 

24*88 

27 

1589s 

20-62*1 

3496 

49-64 

-•58 

4--03 

4--05 

24-10  1 

.      30 

16*51 -8 

21*19-7 

3575 

4855 

-|-   *I2 

4- -03 

4--05 

24*50  j 

Ang.  2 

I5-97-2 

20-61*5 

36*46 

47-71 

•06 

4--03 

4--05 

24-19 

5 

I6-57-8 

21-24-2 

3700 

48-20 

-•83 

—  05 

4-06 

24-38 

6 

15781 

20-39-3 

3717 

46-99 

+    •'! 

-I-03 

•f-o5 

24*42 

10 

16-38-5 

2I-Ol*2 

3796 

47-34 

•88 

4-03 

4--05 

2450 

«3 

16-09-6 

20*60-3 

3866 

4456 

+  1-30 

4- -03 

4--05 

24-60 

"4 

15-75-6 

20-3i*3 

3886 

4572 

-•56 

4- -03 

4--05 

24-10 

'5 

i6-66'0 

2I*22'0 

3907 

4578 

-88 

+  03 

4--05 

2405 

16 

16-58-2 

21-08*0 

39-26 

4435 

+  -77 

4-03 

4--05 

24-46 

20 

17*25-1 

21-72*9 

39-86 

43-88 

-\-   -21 

— 'OI 

4-'04 

23-98 

23 

16-32*3 

20*76-5 

40-36 

43-05 

+  -79 

4- -03 

4--05 

24*28 

25 

16*27*9 

20-65*3 

4075 

41.47 

-fi.94 

4--03 

4-05 

2424 

26 

16*13*3 

20-56-I 

40'9(> 

42*72 

4-  -60 

4-03 

4-05 

24-36 

29 

16*62*3 

20*90-0 

41.38 

39-22 

+3*26 

4- -03 

4--05 

2394 

.     31 

16*50-8 

2o*95*4 

4174 

43- M 

3857 

—  -96 

4-03 

4--05 

24*00 

Sept  2 

16-40-3 

20*65 -2 

41*94 

+3-40 

4--03 

4--OS 

23-99 

6 

1 6-22*2 

20-64*1 

42-42 

42-51 

—  -69 

4--03 

4-'05 

24-32 

9 

I5-93-3 

20- 22*3 

42*88 

39-52 

+1*46 

4-03 

4--05 

23-94 

12 

15-86-4 

20-I3*I 

43-27 

3899 

4-1-74 

4-03 

4--05 

24-08 

18 

16-875 

2I'l8*0 

4371 

39.87 

-f  -40 

4-03 

4- OS 

24*06 

19 

16-53-9 

20-84-4 

4380 

39-87 

+  -06 

4-03 

4--05 

23-81 

23 

16*64*4 

20*85-9 

44*26 

37-78 

+  1-85 

4-03 

4-05 

23-97 

26 

16-27-9 

20*56*5 

44-50 

39-43 

-f  -35 

4- -03 

4--05 

24-36 

27 

16*46-3 

20*70-1 

4452 

3832 

+  M 

4- -03 

4--05 

23-76 

28 

15*88*3 

20*14-8 

44.56 

3894 

+  -46 

4--03 

4- -05 

24-04 
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U.    S.    COAST   AND   GEODETIC   SURVEY, 


GROUP  III,   PAIR  7. 


Date. 

Micrometer. 

Mean  u>p. 
Dec; 

Corrections. 

Ltt 

A^. 

.S". 

Mic, 

Level, 

Ref. 

Mer, 

1891. 

^.     </. 

t    d. 

Off/ 

f     ff 

ff 

ff 

ff 

0      / 

July     8 

I7S77 

22*60'4 

21    14  28*04 

-f  1  5662 

•16 

-f*os 

-f-o5 

21    14 

17 

16597 

21-56-3 

30*26 

55-20 

—  1-52 

+•03 

+  05 

18 

16707 

2i*6o'9 

3052 

5372 

-•85 

4-*o3 

-f-06 

23 

I6-27-2 

21  •05-8 

31-60 

5103 

-fi-06 

+•05 

-I--08 

26 

17*01  4 

21-81-5 

32-2§ 

51-38 

-f-  -06 

4-03 

-f-o5 

27 

I6-56-8 

21-40*9 

32*48 

5230 

—1-32 

+  03 

+  04 

30 

1678-2 

21-61*5 

3326 

52*12 

—175 

+  03 

-f-06 

Aug.     2 

1573-6 

21-51-4 

3398 

50*84 

—1*68 

+-03 

-f'05 

3 

1 6- 14- 1 

21*91-4 

54-17 

50-73 

—1-23 

-f-03 

-f-05 

5 

i6'66'9 

21*42-9 

3452 

50-42 

— rio 

-f-03 

+  05 

7 

16*49-0 

21-20-3 

34-86 

4934 

+  -35 

+•03 

-f-os 

13 

16-62-6 

21*26*4 

36*16 

47-60 

-f  *io 

+  03 

-f*o5 

14 

I7-34-9 

21*99*2 

36*36 

477« 

—  -97 

-f-03 

-f-05 

15 

16-65-2 

21-38-9 

36-59 

4989 

—2-82 

+  03 

+•05 

16 

ib-97-i 

21-577 

3678 

46-85 

—  -18 

-f-03 

+•05 

20 

i7-65'3' 

22*27*2 

3738 

47-15 

-•85 

+•03 

-fo5 

22 

17-10-0 

21*73*6 

3770 

47-55 

—1*11 

+•03 

-f-os 

25 

18-21-0 

22*62*7 

3f^! 

46-85 

—1*19 

-f-03 

-f-05 

26 

17-57-2 

22*12*3 

38*48 

45-58 

—   42 

-f-03 

-f-05 

29 

I7S4S 

22-01*0 

3904 

4358 

-f  '80 

-fo3 

-f-05 

31 

17  07 -8 

21*66*3 

3928 

46-36 

— 1-64 

-f-03 

+-05 

Sept,    2 

17-91-3 

22-30*9 

3948 

41-98 

+1-56 

-fo3 

+•05 

6 

17-32I 

21*83-5 

39-98 

44-72 

—117 

-f-o3 

-f-05 

9 

17-89-6 

22-26-9 

40-45 

41-45 

-fi-74 

-f-o3 

-fo5 

12 

1800-7 

22*38-8 

4086 

41-63 

-f  -94 

-fo5 

+•05 

15 

17-43-9 

21-378 

41*10 

42-98 

—    18 

-f-03 

-f-05 

18 

i6*92-5 

21-34-7 

4132 

42-58 

—  -20 

4-05 

-f-o5 

«9 

17-49-2 

21-931 

4142 

42-98 

-  71 

-f-03 

-f-05 

23 

17-85-7 

22*20-8 

41-90 

40-94 

-f  -42 

-f-*oi 

-f*o5 

26 

18051 

22*47*o 

42*16 

42-51 

-  -70 

-f03 

-f-05 

27 

J7-3S-3 

2173*9 

42-19 

4175 

—   66 

-|--o6 

-j-06 

28 

17541 

21*92*5 

42*23 

41-70 

—    19 

-f'03 

-f*o5 

REPOBT  FOR   1892 — ^PABT   II. 


9^ 


o 


BesulU  from  observ€Uions  for  the   variation  of  latitude  at    Waikikif 

Hawaiian  Islands. 

GROUP  III,  PAIR  8. 


Date. 

Micxometer. 

Mean  app. 
Dec. 

Correotions. 

Latitude. 

M            S. 

Mic. 

Level. 

Ref. 

Mer, 

^ 

1891. 

t.    d. 

/.  J, 

0     /       // 

/      // 

// 

// 

ft 

0    /       // 

July.  4 

2578-4 

14-82*3 

21    20  38-92 

—4  14-28 

—  -08 

-08 

-f-o6 

2L   16  2454 

8 

a4-95S 

13-94.1 

39-86 

15-51 

-  -25 

—  08 

+•06 

24-08 

»7 

24-10*4 

13-04-9 

42-06 

16*46 

—1-42 

—•08 

-f-o6 

24-16 

18 

24'82'0 

1371-0 

4232 

1774 

—  -47 

—08 

-|--o6 

2409 

22 

26-02-8 

14-930 

43'2i 

17-46 

—1-45 

-08 

+  06 

24-28 

23 

2S-03-I 

1378s 

4340 

20-89 

+  1-29 

—•08 

-I--06 

2378 

26 

24-340 

13*10-9 

4405 

20-54 

+  -41 

—  08 

+•06 

23-90 

27 

24*66-1 

13-48*0 

44-28 

19-38 

—  -68 

—  08 

-f-06 

24-20 

30 

24*92*0 

13-70-9 

45-56 

20-08 

—  -66 

^-08 

4- -06 

24-80 

Aug.  2 

24-72-8 

13-47-2 

4577 

21-12 

—  -70 

JS 

+•08 

24-00 

3 

25-29-3 

14*04-0 

45*97 

21-05 

-•36 

+•06 

2454 

5 

247S-8 

i3-5o*3 

46-34 

21*10 

— 1-17 

~-o8 

-h-06 

24-05 

6 

24*8o-o 

13*495 

46-49 

22*26 

+  -27 

—•13 

+•09 

2446 

7 

24*06*7 

12*69-7 

4666 

23-77 

+  -97 

—08 

-f-06 

2384 

10 

25*59'3 

14-27-8 

4727 

22*49 

—1*08 

-08 

-f-06 

23*68 

«3 

24*61*9 

13-22-4 

47-96 

24-35 

-f  -82 

-08 

4-06 

24-41 

14 

24-51-3 

I3-I2-7 

48-17 

24-14 

-  -25 

—•08 

+  06 

23*76 

15 

24*27*2 

I3-97-4 

4838 

22'IO 

-138 

—  08 

-f-o6 

2488 

16 

24*90-5 

13-50-7 

48*57 

24-42 

+  -15 

-^•08 

-f-o6 

2428 

20 

24*82-1 

I3-37-9 

4918 

25-44 

+  -44 

—  06 

+-OS 

24-17 

22 

25*21*4 

I3*82*7 

4950 

24-16 

-  1*02 

—  08 

+•06 

24-30 

23 

25*26*6 

13-80-5 

49-68 

2588 

-f    *26 

—  08 

-f-06 

24-04 

2S 

25-00-2 

13550 

50*08 

25-67 

-f  -36 

-08 

-f  06 

2475 

26 

25-43-2 

13-96-6 

50-28 

25-99 

-f  -29 

^-08 

-f-o6 

2456 

29 

25-36-2 

13-88-8 

50*82 

26-18 

—   -20 

-08 

-fo6 

2442 

,      31 

24-18*9 

X373'8 

51-09 

2565 

—  -74 

—  08 

-f*o6 

2468 

SepL  2 

24-68*9 

13-09-4 

51-30 

28-99 

4-2-15 

—-08 

-f-06 

24-44 

9 

25-32*6 

13-751 

5227 

2852 

4-  75 

•08 

-h-06 

24-48 

12 

2477-3 

13-14-8 

5269 

2968 

+1-26 

--•08 

-f-06 

24*25 

^5 

2405-8 

13-46*2 

5294 

29*01 

+  '39 

—  08 

4-06 

24-30 

18 

25-61*0 

i4'04-3 

53-«8 

28*34 

--56 

—  08 

-f-o6 

24*26 

19 

24*90*8 

i3*32-4 

5327 

28*73 

-f  -14 

■08 

-|-*o6 

24-66 

23 

24*95*4 

13-28-7 

5375 

30-66 

-fi-07 

—  08 

4-06 

24-14 

26 

25-53-8 

13*90-9 

5402 

2978 

—  -02 

•08 

4-06 

24*20 

27 

24-55-9 

12*92*4 

5406 

29-92 

-f  -08 

—-08 

-f-o6 

24*20 

28 

25-65*7 

14-030 

541 1 

2973 

—    06 

—  08 

4-06 

2430 

94 


U.   8.   COAST  AND   GEODETIC   SUBVEY. 


GROUP  IV,  PAIR  I. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latit 

N. 

5. 

1 

Mic. 

Level. 

lief. 

Mer, 

1891. 

/.   </. 

/.    d. 

0     /      // 

/      // 

f/ 

// 

// 

0      / 

Aug.  20 

1377-2 

23-96-7 

21    12   28-52 

+3  56-51 

—  1-00 

-t--o8 

4- -06 

21    16 

22 

1 3-080 

23-37-7 

28-88 

5887 

— 3-4> 

-I--08 

4-06 

23 

14*  1 6*7 

24-36-0 

29-08 

5646 

—  -88 

+  08 

4-06 

25 

I3-66-3 

23-81-4 

29*52 

5549 

-  -50 

+■08 

4-06 

29 

»373i 

23-840 

30-40 

54-51 

-1-39 

-f-o8 

4- -06 

3" 

13-57-0 

2379-1 

30-75 

57-u 

284 

-f-08 

4-06 

Sept.   2 

14-07-9 

24-16-8 

3104 

5405 

-  -57 

-f-oS 

4- -06 

6 

13-657 

23-65-5 

31-62 

5^-94 

-f  -50 

-f-08 

4--06 

9 

1 3*41 -4 

23-49-7 

32-19 

53-91 

-1-58 

+•08 

4-06 

12 

13-75-6 

23-77-8 

3273 

52-49 

— I -02 

+•08 

4--o6 

15 

14*25-1 

24-24-4 

33*14 

51-82 

—  -9' 

4-08 

4- -06 

19 

1297-3 

23-00-1 

3360 

52-63 

—2-31 

4-08 

4--06 

23 

13-66-8 

23'62-2 

34-22 

5092 

-1-47 

4- -08 

4- -06 

26 

1377-4 

23739 

34-64 

51-17 

—1-68 

-(-•08 

4- -06 

27 

«3'95*4 

23-87-5 

34-75 

50- « 5 

—116 

4-08 

4-06 

28 

13-69-7 

2361-6 

3483 

50-11 

—1-12 

-l--o8 

4-06 

Oct.    4 

14-77-1 

24-66-3 

35-28 

4948 

-•58 

4- -08 

4-06 

5 

1 4-70-3 

24-576 

35*39 

4904 

•39 

4--08 

4-06 

8 

14-257 

24-05-4 

3574 

4728 

-f  -93 

4-08 

4--06 

10 

14-657 

24-48-5 

35*93 

48-46 

—  -39 

4- -08 

4- -06 

16 

I5-2B-3 

25-10-0 

36*  19 

4774 

—  -oi 

4- -08 

4--06 

17 

14-59-7 

24-42-3 

36-25 

47-95 

—  -72 

4-08 

4- -06 

28 

1370-4 

23-62-5 

3669 

50-15 

—2-42 

4-06 

4--06 

30 

15-20-6 

25-12-1 

3667 

50-01 

—2-14 

4--08 

•4- -06 

31 

I5-22-8 

25-02-1 

36-68 

47-18 

-j-    -12 

4--08 

4--06 

Nov.    1 

1445-4 

24-33-7 

36-70 

4927 

—1-88 

4--08 

4- -06 

4 

15-43-6 

25-17-4 

36-81 

45-91 

-fi-32 

4- -08 

4--06 

6 

I4-59-8 

24-382 

36-85 

4697 

-f  -55 

4-08 

4--06 

7 

14-24-8 

2405-8 

3683 

4758 

-  -59 

4- -08 

4-06 

12 

14-37-6 

24-23-7 

36-61 

4876 

-  -75 

4- -08 

4-08 

14 

14-308 

24-05-2 

36-56 

4605 

-fi-15 

4- -08 

+  06 

• 

16 

I5-33-2 

25-230 

3655 

4962 

—2-73 

4--08 

4- -06 

17 

14-26-2 

24.14-8 

36-55 

4934 

—1-63 

4-08 

4-06 
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BauUs/rom  observations  for   the  variation  of  latitude  at    Waikikij 

Hawaiian  Islands. 


GROUP  IV,  PAIR  2. 


Dttt. 

Micrometer. 

Mean  app. 
Dec. 

Correcdons. 

Latitude. 

JV. 

5. 

Mu. 

LtveL      Ri 

/* 

Mer, 

1891. 

/.    d. 

/.    d. 

0     /      // 

/      ff 

ff           / 

/ 

tf 

0      f       ff 

Al^.20 

2$S4S 

7-05-6 

21    24  50-15 

-8  2547 

1-39 

16 

-j-*o6 

21    16  2319 

23 

28-585 

6-66-8 

50-52 

28-44 

-frio    — ■ 

14 

4-*o6 

2310 

23 

29-20-2 

7-33'3 

50*72 

2733 

•06 

16 

-fo6 

2323 

25 

29139 

7-3I-3 

51-16 

2633 

-93 

16 

-fo6 

23*80 

29 

2915*2 

7-21-6 

52-06 

28-88 

+    29 

16 

+•06 

2337 

3> 

29-41  3 

7-55-1 

52-42 

27-16 

—  1-26    -  ' 

16 

-[-•o6 

2390 

Sept  2 

29-25-4 

7-31-0 

52-70 

29-07 

4-  -09    — 

16 

-I-06 

23*62 

6 

29-32-9 

7-357 

5330 

29^72 

4-  -53    -■ 

16 

+•06 

24-01 

9 

29-38-4 

7-387 

53S8 

3030 

-h  -08    — ■ 

16 

-f--o6 

2356 

i          "2 

28-67-6 

6-66-8 

54-44 

30-55 

—  -67    — ' 

16 

-j-*o6 

23-12 

'5 

29-38-3 

7-413 

5485 

29-67 

-1-58    - 

20 

i-"04 

23-44 

19 

29-01-2 

701-5 

5533 

30-30 

1-93    — 

16 

+  06 

2300 

1       ^3 

28-138 

6-07-6 

55'97 

31-80 

—1-23    — 

16 

4- 06 

22-84 

1       26 

29-18-1 

7-14-9 

56-40 

3111 

1-48 

16 

-(-•06 

23-71 

27 

29-01 -7 

6-94*1 

56-51 

3213 

—1*40    — 

16 

-j-06 

22-88 

28 

29-50-3 

7-42-6 

56*60 

32-15 

—  -97    - 

16 

+  06 

23-38 

Oct.   4 

29*46-2 

7-3S-S 

57*07 

3285 

—  -62    — 

«3 

fo6 

23-53 

5 

29-36-6 

724-9 

57-19 

3308 

-81 

■16 

+•06 

2320 

1        8 

2924-3 

707-0 

5750 

34-38 

-f  -68    - 

16 

-h*o6 

23-70 

10 

29*89-3 

773-3 

57-75 

3408 

+  -07      - 

16 

+  06 

23-64 

'7 

29-72-8 

7-56-3 

5!'^ 

34-20 

—    25    - 

•24 

-f--o8 

23-48 

28 

29-30-2 

7*19-2 

5858 

32-92 

—2-52    — 

20 

+  04 

2298 

30 

2954-0 

7-44-7 

5857 

3252 

1-98 

16 

+-06 

2396 

„    3' 

29-31-5 

7-11-1 

58-58 

3510 

+  -58    ~ 

16 

+  06 

2396 

Nov.  I 

29-19-4 

708-8 

58-61 

32-83- 

—  1-94    — 

16 

-J-06 

23-74 

4 

2972-1 

7-44*3 

•      58-73 

3682 

4-179    - 

20 

4-04 

2354 

6 

29-54-7 

7*34-4 

58-78 

3508 

—  -29    — 

16 

4-06 

23'3' 

7 

29*41-2 

7.24-5 

58-77 

34-24 

—1-03    — 

24 

4-08 

2334 

10 

29-15-8 

6-98-3 

58-66 

34-43 

-  -57    — 

16 

4--06 

2356 

12 

29*04-2 

6-84*5 

58-57 

3494 

—  -55    - 

16 

4--o8 

23-00 

14 

30-29-0 

8-07-0 

58-53 

35-47 

-f-i-24    — 

■16 

4-08 

24-22 

*5 

3000-9 

7  84-0 

58-53 

3429 

^   61     - 

•26 

4- -08 

23-45 

17     30-847 

8-58-9 

5853 

3635 

-fi-72    — 

•16 

4- -06 

23-80 
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U.  8.   C0A8T  AND   GEODETIC   SURVEY. 

GROUP  IV,  PAIR  3. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Lati 

N, 

S, 

Mic. 

Level, 

Ref. 

Mer, 

189I. 

t.    d. 

t.  d. 

0     /       // 

f     tf 

// 

// 

ft 

0     / 

Aug.  20 

19*62*1 

1 8-54-8 

21   16  47-14 

— 0  24*89 

+  -47 

—-01 

+•05 

21    16 

23 

20*46*0 

19.37.9 

4775 

25*08 

-f  -89 

— -01 

+•05 

25 

19-98' I 

18*82*7 

48*21 

26*77 

-fi*i4 

—•Of 

+•05 

29 

19*75*1 

18*52-4 

49-16 

28-46 

■fi-79 

— -01 

-h-05 

31 

1964-8 

18*44*6 

4955 

27*88 

+  119 

— -Of 

+•05 

Sept.  2 

19*82*9 

18*64*3 

49-88 

27-51 

+  -79 

— -oi 

-f-05 

6 

I9-530 

18*25*8 

50-52 

29*51 

-f2*8l 

— -01- 

-I-05 

9 

19-69*6 

18*42-7 

5113 

2944 

-f  -62 

—05 

-f-04 

12 

1972*5 

18-41-6 

5173 

3037 

+1*42 

—•01 

+•05 

»5 

I9-93-5 

18*64*2 

52-20 

30-00 

+  -78 

— -OI 

-f*o5 

19 

19*80-0 

18*52*9 

5273 

29*48 

—  '44 

—•01 

-f-05 

23 

19.95-9 

18*57-4 

53-40 

32-13 

4-1*09 

— -01 

+  05 

26 

19-32*5 

17-95-5 

5389 

'31-78 

-f-l*02 

— -01 

-f-os 

27 

I9-45-8 

1709*5 

54.02 

31*62 

-f-  -59 

— -Of 

+•05 

28 

I9-54-2 

18-12*8 

5412 

32-80 

+  1-53 

— -OI 

-f-o5 

Oct.    4 

20-09-7 

19-67*2 

54*66 

3306 

+  1*84 

— -OI 

4-05 

5 

19*78*2 

18-35*6 

5478 

3308 

-f  -96 

—•01 

-f-05 

8 

19*541 

18*04-5 

5518 

34-70 

-h2-48 

— -01 

-f-o5 

10 

19*65-0 

l8*22'9 

55-40 

32-96 

-f  -58 

—•01 

-f-o5 

14 

19*65*7 

I8I52 

55-65 

34-91 

-f-2*20 

—-01 

-f-o5 

16 

19*80*2 

18-31-0 

5576 

34-6i 

4-1-22 

-05 

-f-04 

22 

19  93*1 

i8'49*o 

5628 

33-43 

+  "44 

-03 

-J--05 

28 

20*27*8 

18*91-5 

■56-43 

31-62 

—  -93 

—•01 

-f-o6 

30 

20-OI-6 

18-61-3 

56*44 

3255 

-  -45 

—•01 

+•05 

3» 

19-71*1 

18-16*2 

56-45 

35  94 

+238 

—-01 

+•05 

Nov.    I 

19*82*2 

18*39-6 

56-48 

3308 

--58 

—•01 

+  05 

4 

I9-89-5 

i8*34*2 

56*63 

36-03 

+264 

—  01 

-f-o5 

6 

I9-94-3 

18-477 

56.70 

34-01 

-f  -47 

— -OI 

-J--05 

7 

1 9-940 

18*46-7 

56-70 

34-17 

-f  -12 

— 'OI 

4-03 

10 

19-88*3 

18*40*4 

56*62 

34-31 

+    50 

—  -Of 

+•05 

14 

20*65*7 

1915-5 

56-51 

34-84 

-fi-68 

— -OI 

-fo5 

17 

20*49*7 

19-00-5 

56-53 

3461 

+  1-23 

—•01 

+  05 
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BmlU  from  observation^  for  the  variation  of  laiitude  at  Waikikij 

Hawaiian  Islands. 


GROUP  IV,  PAIR  4. 


Dite. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

! 

M 

S. 

Mic. 

I.rvel, 

Ref, 

Mer. 

1  I89I. 

t.    d. 

/.    d. 

Off/ 

/       // 

/f 

// 

// 

0      /       // 

• 

Aug.  20 

14*26*9 

2155-5 

21   13  35*54 

-f 2  4902 

-  -55 

+*C5 

-fo6 

21    16   24*12 

23 

14*66*6 

21*92*3 

^^'^Z 

4835 

-23 

-f-05 

-|--o6 

24*36 

25 

1516*6 

22*37*3 

36.58 

47-19 

+  -lo 

-I-05    -I-06 

2398 

29 

14*05*6 

21-21*2 

37 -5 « 

46-01 

-f  -44 

+-05 

-f-06 

2407 

,     3> 

I3*64*9 

20*84*8 

37-89 

47-01 

-  -65 

+•05 

-f  06 

2436 

Sept.  2 

I4*27-I 

21*42*9 

38-21 

4606 

—    23 

+  05 

4-06 

24*15 

9 

14.58*4 

21*72*9 

39-43 

45-75 

1*32 

-f*o5 

-f-o6 

2397 

12 

I476"0 

2i*8o*3 

40*02 

43-39 

+  -58 

-f*o5 

-f*o6 

24-10 

15 

i3«6-4 

20*91*4 

4049 

43-55 

—  -18 

-j-'OI 

+-05 

23-92 

»9 

15.03*0 

22*10*2 

41*00 

4406 

—1*07 

+-05 

-f-o6 

24*10 

23 

14-24*5 

21*24*6 

41-67 

42-41 

-  -38 

-j-05 

-f-*o6 

23-81 

26 

14*69*9 

21*68*5 

42*16 

42-06 

-   iZ 

+*o5 

-fo6 

24*00 

27 

13*82*0 

20*81*0 

42*29 

42-16 

—  -20 

+  05 

-f*o6 

24-36 

28 

1477-5 

2I*72-9 

4239 

41-32 

—  -26 

+  05 

4- -06 

2356 

Oct   4 

1517*6 

22*o8*2 

42*92 

40*21 

-h  -86 

-h-05 

-f  06 

24-10 

5 

I4-52-9 

2 1 -45  5 

43-04 

4067 

-f-  -08 

-f-05 

+•06 

23-90 

8 

15*01 '4 

2I-87I 

4344 

39-07 

-f  ri8 

+  05 

4-06 

23-80 

M 

I5-2I-1 

2204*6 

43*94 

3856 

+  1-23 

-f-05 

-f-06 

23-84 

16 

1 5 -96*6 

2i'8o-5 

44-05 

3866 

-I-I-02 

+  05 

-ho6 

2384 

" 

15-02*7 

21*89*9 

44-58 

39*42 

-00 

-f-05 

4-06 

24-11 

28 

15-02*2 

21*92*4 

44-75 

40*12 

~     84 

+-05 

4-06 

24-14 

30 

I4*27'0 

2i-i6*5 

44-77 

3995 

—  -42 

4-09 

+•05 

24-44 

„     3> 

I4-57-9 

2 1 -34-5 

44-79 

36-96 

-f2-2I 

4-05 

4-06 

2407 

Not.   I 

15*02*2 

21*89*5 

44-83 

39-44 

-     -55 

+•05 

4-*o6 

23-83 

4 

I4*94'2 

2i-8i*7 

44-98 

39-49 

—  -68 

4- -05 

+*o6 

2390 

6 

15*55*6 

22  •38- 1 

45-06 

38*^3 
39-« 

-fi-i8 

+•05 

4- -06 

24*68 

7 

1479-4 

21*657 

45-07 

-  -76 

-f-oi 

-f-05 

23-58 

10 

14-59-2 

2I-43-I 

45-02 

.        3866 

—  -41 

f-05 

4-06 

23-38 

14 

15-59-8 

22*39*2 

44*93 

37-61 

+  -86 

-f-oi 

4- -05 

23.46 

'5 

16*24*6 

23*017 

44-94 

3708 

+1*39 

■f*o5 

4- -06 

2352 

17 

i6-i4*o 

22*98*2 

4497 

38-72 

+  *I8 

+•05 

4-*o6 

23*98 

6.£x.d7— 7 
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U.  8.  COAST  AND  G£0DETIC  SURVEY. 


GROUP  IV,  PAIR  5. 


Date. 


189I. 

Aug.  20 

23 

25 
29 

31 
Sept.  2 

6 

9 
12 

15 

23 
26 

28 

Oct.    4 

5 

8 

10 
16 
22 

28 

30 

31 
Nov.   I 

4 
6 

7 

»3 
14 

17 


Mic  rometer. 


N. 
/.    d, 
25*46-0 
25-63-2 

25'80'2 

2576-5 
2^187 
26  •23-0 
25-9I-6 
25-92-4 
2574-4 

25 -45 -3 
26*40-2 

25*78-8 

25*20-5 

26-40*4 

26*24*3 

25-89*4 

26*05-7 

25*40*6 

25-63-2 

2559-4 

25-5I-I 

26-28-1 

26*72*8 

25*70*3 

25-79-8 

25-53*7 
26-21-2 

26-46-7 

27-23-6 


5. 

A  </. 
2*78*2 
285*3 
300-9 
2-90*2 

3'38-9 
3.42-9 

2-98-6 

309-5 

2*78*5 

2-53*9 
3  •40-6 

2-78-2 

2-16-4 

3'32-3 
3.17-2 

273-2 

2-94-9 

2*25*1 

2*49-5 

2-51-7 

2*41*0 

3-01*2 

3-62*5 

248-7 

2*60-3 

2*39-3 

3*o6-o 

3-257 
4-07-6 


Mcftn  app. 
Dec. 


Corrections. 


Latit 


21    21 


20*33 
20-94 
21-41 
22*39 
22-81 
23*14 
23*81 

24*43 
25*07 

25*58 

26*86 

27*38 

27*64 

28-24 

28-37 

28*81 

29-07 

29-52 

30*12 

3038 
3042 

3C-45 

3049 
3068 

3079 
30-81 

3074 

3075 
30*82 


Mic. 

LeveL 

Ref, 

/      // 

ff 

ff 

4  54" 

—1-56 

—  08 

5645 

+  -30 

—•08 

5678 

•08 

— *o8 

58-40 

-f    46 

•08 

5706 

—   90 

—  08 

5696 

— i-ii 

-08 

59-96 

4-  -50 

—08 

57-61 

— 2-12 

—  08 

6063 

+  -49 

—  08 

59*59 

—1*74 

—  08 

5  oi-49 

— 1*22 

-08 

01*72 

-1-45 

—  08 

02*53 

-   50 

—  08 

03-46 

4-  -25 

•08 

0323 

—  -43 

-08 

0534 

-f-i-ii 

—  08 

04*09 

—  -32 

—  08 

05*18 

+  -45 

-08 

0476 

— 1*22 

-05 

03-37 

—1*92 

—08 

03*92 

—177 

—  08 

07-82 

-f-x-73 

—•08 

0397 

—1*79 

-08 

0659 

-f  -28 

—  08 

06-10 

—  -24 

—•08 

04-92 

— 1*42 

-08 

05-11 

— i-oo 

•08 

06-45 

+  •»9 

•08 

05-29 

•67 

08 

Mer. 
ff 

+  05 
4-05 
-fo5 

-f-05 
+  •05 
+■05 
+  05 
-f*o5 
+  05 
+  05 

-f-05 
+  05 

+•05 
4- -05 

4- -OS 
4- -05 
4-05 

4-05 
4-07 
-I- 05 
4-05 

+•05 

4- -05 
4-05 
-f-05 

-f-05 
■f*o5 

4-05 
4-05 


21  16 
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RmlU  from  observations  for  the  variation  of  latitude  at   Waikikiy 

Hawaiian  Islands. 


GROUP  IV,  PAIR  6. 


Date. 

Micrometer. 

Meanapp. 
Dec. 

Corrections. 

Latitude. 

N, 

S. 

Afic. 

level.  \ 

Ref. 

Mer, 

189I. 

t.   d. 

t.      d. 

0     /      // 

/      //     1       // 

// 

// 

0      /        // 

'  Aug.  20  j  I0-06-2 

26-23-0 

21    10   10-18 

-1-6  15-071—1-41 

-h-ii 

-f-07 

21    16   24-02 

23  IO-30-9 

26-350 

10-75 

12-13   -f  -88  ; 

-1--1I 

• 

407 

2394 

25;  10- 1 6-8 

26-21-2 

11-20 

12-20; -f-    50  j 

-f-'ii 

407 

2408 

29  1077-4 

2676-7 

1213 

II -01  1  H-  -26 

-  -  - 1 1 

--•07 

2358 

,     3» 

10-76-0 

2675-1 

12-53 

10-97  :+    55 

-f-ii 

-f07 

2423 

Sept.  2 

I0-53O 

26-56-5 

12-86 

11-99   —1-25  j 

-f*ii     -t-07 

2378 

6 

IO-66-9 

26-58-4 

13-48 

09*20 

-fi-i6  1 

-t    II.  4-07 

24  02    1 

9 

1 1-04- 1 

27-060 

14-06 

11-62 

208  I 

-f-ii:  +07 

2378 

12 

10-78-8 

26-69*6 

14-68 

09-04 

-f    -02    1 

-f-ii     -4-07 

2392 

IS 

10*26-5 

26-13-8 

1518 

o8-2?   -f    13  ■ 

-f-ii     4  07 

23-72 

19 

10-51  3 

26-42-6 

1571 

09-16 

-1-55  1 

-f-iil  -t--07 

2350 

23 

10-57-7 

26-30-3 

1639 

04-82 

4-2-49  , 

-fill  ^-07 

2388 

26 

10-11-4 

25-98-7 

16-90 

08-23  i  — I -So 

^ -11    4  07 

23-51 

27 

10-51*4 

26-31-5 

17*04 

06-56   —    34 

-f-uj  -fo7 

23*44 

28 

9*92*2 

25-69-3 

17-16 

05 -86 

•18 

I--07  1  -I- -05 

22-96 

Oct   4 

10*69*8 

26*45-1 

17*73 

05-45 

-f  -33 

— •—  *  1 1 

-^•07 

23-69 

5 

10*751 

26-529 

1786 

06-03 

-f  -12 

-f- 11 

4  07 

24*19 

^ 

io*57*8 

26*26*3 

18*29 

0387 

-fi-17 

-t--ii 

-f-07 

23-51 

'            10 

977-5 

25  •54-3 

18-54 

0579 

—  -59 

-|-  - 1 1 

-t-07 

2392 

x6 

10*90*4 

26-544 

19-00 

02  82 

-f  ii8 

1  .  *  * 

-h'07 

2318 

22 

10750 

26*45*0 

19-61 

04*22 

-  M 

413 

4-07 

2338 

28   10530 

26*24*2 

19*90 

04*49 

—1-74 

-|--ii 

-fo7 

2283 

30 

10*24*2 

25*99*1 

19-94 

0535 

-1-45 

1    *  * 

-fo7 

24*02 

31 

lo'Soo 

26*37*7 

19*97 

01-36 

-1-2-12 

-hi5 

4-05 

23*65 

Nov.  I 

io*36*5 

26*12*4 

20*02 

05-58 

— 2-26> 

4-II 

-J- 07 

2352 

4 

io*88-5 

265 1*2 

20*22 

02-52 

-u  .38 

-f-ii'  +07 

2330 

6 

1073*6 

26-38*3 

20*35 

02*99  \-\-    -22 

4*11 

4-07 

23*74 

lo   10*62 '6 

26*280 

20-40 

0315 

—  -97 

-^•11 

-4-07 

22*76 

12   IO-38-5 

26*06*0 

2037 

0364 

—1-34 

+•11 

-i-07 

22-85 

13 

11-347  1 26-99-4 

2038 

1             02  99 

+  -13 

-h-ii 

-f-07 

23-68 

14 

12*44*5    2806-3 

2038 

0231 

+  107 

4--II 

+  •07 

2394 

17 

12*25*3 

27*88*6 

20*48 

02*66 

-f    -12 

4--II 

4- -07 

2344 
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U.   S.    COAST   AND   GEODETIC    SURVEY. 


GROUP  IV,  PAIR  7. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

N. 

S, 

Mic, 

Level.      Ri 

/: 

Mer. 

189I. 

t.     d. 

t.     d. 

0     /      // 

/      // 

//           / 

/ 

// 

0      /        // 

Aug.  20 

25  •46-6 

I2'22-7 

21   21   32-86 

—5  07*12 

—1*51      — 

•10 

-f-o6 

21    16  24-19 

23 

25*io-6 

n-771 

33*43 

0935 

+  -35     — 

10 

-f-06 

24*39 

25 

25"59'4 

I2-27'5 

3387 

0898 

-06 

10 

4- -06 

24-79 

29 

25-96-5 

12-56-8 

34*82 

1079 

+  -31     — ' 

14 

4- -04 

24*24 

31 

25  •67-4 

12*24*9 

35*24 

11*44 

+  *47     — • 

10 

-f-o6 

2423 

Sept.    2 

25  •84-4 

12*51*7 

35*57 

09*17 

—1*54     — ' 

10 

4-06 

24*82 

6 

25-80-3 

I2-34-5 

36*21 

12-21 

-f  *42     — ' 

10 

-f-o6 

24*38 

9 

26-06-9 

12-66*2 

36-81 

11-02 

— 1-05     — ' 

10 

4-*o6 

24*70 

12 

25'69-5 

12-21-7 

37*43 

12-67 

•60 

10 

4- -06 

24*12 

15 

2578-8 

12*30*1 

3796 

12*88 

—  *6o 

10 

4-*o6 

2444 

19 

25  •665 

12*23*4 

38-52 

11*58 

— 2*06     — ' 

•10 

-f-06 

24*84 

23 

25 '42 -8 

1 1*81 '4 

39*22 

15-82 

-h  -96     — 

10 

4- -06 

24-32 

26 

25-297 

11*76*4 

39*75 

»3*95 

— 1*42     — • 

10 

4- -06 

24*34 

27 

2S*64'9 

12*09*4 

39*91 

14-46 

—  .95     _. 

14 

4-04 

24*40 

28 

25-26'3 

11*67*1 

4003 

»S-3i 

—  -28     — • 

10 

4- -06 

24-40 

Oct     4 

26*07 -I 

12*44*2 

40*65 

16*17 

-f  -04     — 

•10 

4- -06 

2448 

S 

26'II-0 

12*45*0 

40-78 

16-89 

-f  -45     — 

10 

4- 06 

2430 

8 

26*23'5 

12*55-2 

41*23 

17*43 

+  -84     — 

10 

4- 06 

24*60 

10 

25  •69-5 

1208-4 

41*51 

15-76 

—    99     — 

10 

4- -06 

2472 

16 

25-36-9 

11-65-4 

42*04 

1817 

+  -59     — ' 

10 

4- 06 

24-42 

22 

25  •84-4 

12-16-8 

42*70 

17-26 

— 1*42     — ' 

10 

4- 06 

2398 

28 

25-8o*2 

12-15*1 

43*07 

16-68 

—251     — 

06 

-f-04 

2386 

30 

26-475 

12-81*1 

43*12 

16*98 

— I  40     — 

10 

4- -06 

24*70 

3> 

26-14-7 

12*31*8 

43*16 

2o-8i 

-fr8o 

•10 

4- -06 

24-11 

Nov.    I 

26-05-8 

12*43*9 

43*22 

15*94 

—2-53     — 

10 

4- -06 

2471 

• 

4 

26-45-3 

12*71*3 

43*45 

1875 

+  -14     - 

10 

4- 06 

24*80 

6 

26-07 '2 

I2-34-5 

43*6i 

18-44 

—  -45     — 

10 

-fo6 

24-68 

7 

25-935 

12*24*1 

43*66 

17*68 

1*88 

12 

4- 06 

2404 

12 

25-88-2 

I2-I6'2 

437' 

18-28 

—1*56     — 

•16 

-f--o8 

2379 

13 

26-24-1 

1 2*47 -8 

4372 

19-28 

—  -26     — 

•10 

4- 06 

24-14 

14 

26-89'8 

13*13*8 

43*74 

19-21 

•00     — 

•10 

4- 06 

24*49 

17 

27 -45 '4 

137>7 

43*87 

18-68 

-*56     - 

•10 

f-06 

2459 

•' 
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EmUsfiram  observations  for  the  variation  of  latitude  at    Waikikij 

Sawaiian  Islands. 


GROUP  IV,  PAIR  8. 


t 

ICicrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

L 

a: 

S. 

MU, 

Level, 

Ref, 

Mfr. 

. 

1891. 

/.      d. 

/.     d. 

0       /      // 

/      // 

ff 

// 

0     /        // 

Aug.  20 

i5*52-6 

23*45*1 

21   13  21-66 

+3  03*85 

— 1-21 

+•05 

+  -05 

2K    16   24*40 

/          23 

I5I8-8 

23-00-6 

22-24 

01 -37 

•00 

+  •05 

4-05 

23*71 

1          ^5 

15-607 

23-40-I 

22-70 

00-81 

+   -12 

+•05 

4-05 

23*73 

/          29 

I5-93-3 

23-64-3 

23*67 

+2  5886 

+  *8i 

+•05 

4-05 

23*44 

0       3' 

14*830 

22-507 

24-12 

58-10 

+  *19 

+-01 

4-04 

22-46 

1  Sept    2 

iS-36-9 

23- 148 

24*47 

6046 

—  I'2I 

+  •05 

4- -05 

2382 

1             ^ 

i5-54'3 

2322.5 

25*13 

58-21 

+    -50 

+  •05 

-f-05 

2394 

1 5 -67 '9 

23-32-8 

25*74 

57*45 

-f    -20 

+•05 

+•05 

2349 

12 

1517*8 

22-82*6 

26-40 

57*42 

—    -20 

+-05 

-f-05 

23*72 

IS 

15*23*6 

22-88-7 

26-95 

.  57*49 

— I-I7 

+  •05 

-f-05 

23*37 

»9 

I6-02-5 

23-66' I 

27*54 

57*>4 

— 170 

-I--05 

+*o5 

2308 

23 

15687 

2321  5 

28-25 

54*64 

+  -85 

+•05 

+-05 

2384 

26 

1 5  •28-0 

22-84-7 

28-81 

55*54 

— 1-13 

+  05 

4-*o5 

2332 

27 

14*31*9 

21-87-2 

28-98 

55*22 

-•65 

+•05 

4-05 

2365 

28 

I5-4I-9 

22*94-4 

29-11 

54*57 

—  *34 

+  05 

4-05 

23*44 

OcL      4 

1576-3 

23  •26-1 

29-76 

53*94 

+  -09 

+•05 

4-05 

2389 

5 

15-957 

23-42-3 

29*90 

53*20 

+  -40 

4-05 

4-05 

2360 

8 

15-47*9 

22*92-1 

3037 

52-64 

-f  -53 

4-05 

4-*o5 

2364 

16 

14*85*4 

22-26-7 

3»*23 

51*97 

4-  '52 

+•05 

-f-05 

23-82 

22 

I5-55-0 

23'04-2 

31*90 

53*80 

—1*71 

+•05 

4-05 

24*09 

28 

1 5  •66-1 

23*15*9 

32-31 

53*94 

—2 -8 1 

+•05 

4-05 

2354 

30 

15*63*9 

23  08 -6 

32*37 

5276 

— 1-67 

4.-05 

4-05 

2356 

^,       31 

I5-66-4 

22'97-I 

32-42 

49-51 

+2-19 

4-*o5 

4-05 

24-22 

Not.    I 

I7-63-0 

25-IO-8 

3247 

5327 

— 2-17 

+•05 

-f-05 

23-67 

4 

15*59*5 

2295-9 

3271 

50-83 

--46 

4-05 

4-05 

23-18 

6 

1 5  •69-0 

2303-4 

32*88 

5037 

■f  *43 

4-*o5 

4-05 

2378 

7 

15*29*4 

22-71-3 

32-93 

52-11 

— 2-20 

4- -05 

4-07 

2296 

«2 

I5-20'2 

22-61-5 

33*0 » 

51*97 

—I -41 

4-*o5 

4-05 

23-67 

J3 

7 

i5*66-i 

23-03-9 

3302 

5116 

+  -44 

+-05 

4-05 

2472 

i6-iO'9 

23-425 

33*04 

49*72 

H-  -60 

-f.05 

4--05 

23*46 

16-89-9 

23-30-0 

33*  1 8 

51-69 

—1-03 

4-05 

+•05 

23*94 
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U.    8.    COAST   AND    GEODETIC    8UKVEY. 


GROUP  V.  PAIR  I. 


Date. 

M  icrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

i 

- 

N, 

S. 

Mic.         Ln>el. 

Re/. 

Mer. 

1 

1 891. 

/.     d. 

t.     d. 

0     /      // 

/      // 

// 

// 

// 

0      /        // 

Oct.     4 

19.458 

20-01 .3 

21    16  09-44 

-fo  12-88 

-fi-54 

•00 

4-06 

21    16  2392 

5 

I8-96-9 

19-537 

09-57 

13-18  !  -f  101 

•00 

4-06 

2382 

8 

19-51 -5 

20-05-7 

I002 

12-57 

-I- 1 -49 

•00 

4-06 

24-14 

16 

I9-43-9 

i9'93-3 

10-98 

11-46 

-fi-45 

■00 

4-06 

2395 

30 

I972-8 

20.25-3 

12-29 

i2-i8  1  — 1-26 

'OO 

4- -06 

2327 

3' 

19.90-3 

20-27-5 

12-34 

0863 1  +3.05 

•00 

4- .06 

24-08 

Nov.    I 

17-90-2 

I8-42-3 

1239 

1209 

—    86 

•00 

4.-06 

23-68 

6 

17*92-6 

18-40-3 

12-88 

1 1  07 

-00 

•00 

4-06 

2401 

12 

1813-4 

i8-6o-8 

13-20 

11-00    —   -22 

•08 

4-. 10 

24-00 

13 

18-33-2 

1975-8 

13-24 

9-88    -h  -91 

•00 

4-06 

2409^ 

14 

18-09.2 

18-47-7 

1327 

893    -{-1-66 

•00 

4-06 

2392 

17 

18-97-6 

19-417 

-     13-44 

10-23  j  -f 053 

-00 

+  06 

24-26 

19 

18-70-6 

1909-4 

13-60 

9-00  i-f  1-31 

•00 

-i--o6 

2397 

21 

18-74-0 

19-17-5 

1371 

1009 ;  4-   62 

-08 

4-10 

24-44 

23 

19-12-6 

19-42-6 

1376 

696   -I-306 

•00 

4-06 

2384 

30 

18-80-3 

1927-5 

1376 

IO-95  j  —  -99 

•00 

+  06 

23-78 

Dec.    5 

18-94-5 

i9'35-' 

1396 

09-42 '  +   -24 

•00 

4-06 

23-68 

10 

19.37.2 

19-82-9 

13-86 

io-6o !  —  -29 

•00 

4- -06 

24-23 

12 

I8-89-3 

19-34-4 

13-81 

10-46  1  -  -39 

'CO 

4-06 

2394 

13 

19.33.2 

19-75-6 

13-82 

0984   -f    32 

■00 

4-06 

2404 

15 

I8-43-4 

18787 

13-84 

08-19    -I-I-9I 

•00 

4-06 

24-00 

17 

18-48-0 

I8-83-4 

13-88 

08-21    -f-i-7> 

-00 

4-06 

23-S6 

21 

1794-8 

I8-32-2 

13-76 

08-68  1  4-1-84 

•00 

4-06 

2434 

23 

1 8- 64-0 

1 9 -03 -6 

13-63 

09-19 

-fo-88 

-04 

4-04 

23  70 

24 

i8S9-5 

I8-98-8 

13-57 

09-12 

H-o-59 

•00 

4- -06 

2334 

25 

18-69-5 

1 907 -4 

13-50 

0879 

4-I-5I- 

•GO 

4-06 

23-86 

26 

1 8-88-4 

i9-34-^ 

13-46 

io-6o 

—  -03 

■GO 

-06 

2409 

27 

18-63-5 

i9i6-5 

13-42 

0998 

+  -36 

—  02 

4-06 

2380 

29 

1 8-35 -5 

18-68-4 

13-40 

0763 

4-2-80 

-00 

-h-o6 

2389 

30 

18-44-0 

I8-85-8 

13-38 

09-70 

4-  -62 

-00 

4-06 

2376 

K892. 

Jan.      I 

1874-2 

i9'i6-8 

1334 

0988 

+  -31 

—  •10 

4--10 

2353 
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ResuUs  from  obMervaiions  fur  the  variation  of  latitude  at  Waikikiy 

Hawaiian  lalande. 

GROUP  V.  PAIR  2. 


1  Iktt. 

Micrometer. 

Meanapp. 
Dec. 

CorrectioDS. 

Latitude. 

iV. 

S. 

Afic.          Level. 

Ref, 

Mcr. 

/  i«9l.      A    d. 

/.     d. 

0     /       // 

f      if 

ff 

ff 

ff 

0     /      // 

I  Oct.    4  1  28-48-4 

10-96-6 

21    23  09*66 

—6  4639 

+  -83 

—•12 

+  06 

21   16  24  04 

/          5  i  28-547 

10-96-7 

0978 

47-83 

-(-2*01 

—  •12 

-I--06 

2390 

/           ^ 

28-69*0 

1III-5 

10*26 

47-71 

+  1-77 

— -lO 

-f--o5 

2427 

/         '^ 

29-36-1 

I1-7I-0 

11-28 

5048 

+272 

— -12 

-f-o6 

2346 

/          ^^ 

29-12-3 

11.531 

12-57 

4811 

—  -03 

—•12 

-f-o6 

24-37 

/          ^ 

29-09-1 

1147-8 

1266 

4860 

+  -04 

— '12 

+•06 

24-04 

1          31    28-66-2 

1092-3 

1272 

5152 

+310 

—•12 

-h-o6 

24-24 

1  Not.    I    2876-3 

III2-2 

12-78 

49-24 

-j-  -60 

—•12 

-1-06 

2408 

^\ 

28-73-4 

ii*o8-i 

13-06 

•    49-52 

-f    36 

— -12 

-fo6 

23-84 

^ 

29-86-3 

I2'2l-0 

1328 

49-52 

-f  -06 

—•12 

-f-o6 

2376 

'^ 

28-92*2 

II -23-8 

13-46 

5024 

-h  -28 

—  -12 

-f-06 

2344 

14    29-80-1 

I2-o6-I 

13.70 

51-54 

+  1-78 

—  •12 

-}-o6 

2388 

17 

29*63*7  !  iK-94-2 

13-88 

50-50 

+  -53 

—  16 

-f-04 

2379 

19 

29-42*5  !  11-70-2 

14-04 

51-15 

+  103 

—  •12 

-1-06 

2386 

21 

30-18-8]  1 2-58-4 

1416 

48-39 

—1-07 

—•12 

+•06 

2374 

23 

29-11*8 

"•34-5 

14-22 

52-31 

+  194 

—•12 

4-06 

2379 

30 

29-03*3 

>  1*35-4 

14-22 

5013 

—  -67 

— ^12 

H-o6 

23-36 

Dec    5 

28-66*6  10-99-8 

14-43 

4987 

—  -52 

—•12 

+•06 

2398 

6 

28-21-6  j  10-561 

14*44 

49-57 

—1-23 

—  •12 

4-06 

2358 

9 

29-07*2  1 11-37-8 

14-38 

50*48 

+  -25 

— ^12 

-f-06 

2409 

10 

29-33-5 

H-72-I 

14-34 

4862 

—  1-46 

—•10 

-f-06 

24-22 

12 

28-89*0 

1 1  •24-2 

1430 

49-41 

—  I -06 

—  •12 

4-06 

2377 

«3 

28*497 

io-^'5 

14-30 

50-20 

—  -oi 

—•12 

4-06 

24-03 

15 

29-81-8 

12-07-0 

1432 

51-73 

-1-1*17 

—•12 

4- -06 

23-70 

17 

28*34*5 

10-62-9 

1436 

5098 

-4    -68 

— *12 

4- -06 

24-00 

»9 

28-42*8 

IO-63-I 

1434 

5286 

4-2-19 

— '11 

4-03 

2359 

21 

29445 

II  73-4 

14-25 

50-87 

+    67 

—  12 

4- -06 

2399 

23 

29-00*7 

11-31-7 

141 1 

50-38 

-f  -57 

— '12 

4- -06 

24-24 

24 

28*91*6 

11.23-2 

1405 

50-24 

-1-  -29 

—  •12 

4-06 

24-04 

25 

29*26*2 

II-57-5 

13*98 

50*31 

-f  -47 

—•12 

4-06 

24-08 

26 

29-66*0 

11-99-2 

1394 

4987 

-h    08 

— -12 

4-^o6 

24-09 

27 

28*60*6 

10-911 

1389 

50*50 

—    24 

—-12 

4-*o6 

23*09 

28 

28-62-1 

io*94*3 

1388 

50*10 

-f   *I2 

— -12 

4- -06 

23-84 

29 

28-23*4 

io*5o*o 

13-86 

51-40 

+  1-06 

— *12 

4- -06 

23-46 

30 

29*28*9 

11-62*0 

1384 

4989 

+    -05 

—•12 

4- -06 

23-94 

1892. 

Jan.     I 

28*97*0 

11*29*0 

13-81 

50*15  i  -f    36 

—•12 

4-*02 

23-92 

5 

2858-6 

io*95*9 

1354 

48-92  j  -f-  -03 

—  12 

4-06 

24-59 
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U.    S.   COAST   AND   GEODETIC   SUBYET. 


GROUP  V,  PAIR  3. 


Date. 

Micrometer. 

Me&n  app. 
Dec. 

Corrections. 

Utiti 

iV. 

8. 

Mic.         Ltvei. 

^/- 

Mer. 

1 891. 

/.    d. 

/.    d. 

0     /      // 

/      ff 

ff 

ff 

0     / 

Oct.    4 

22*8l-2 

17*06*8 

21    18  3736 

—2    13-25 

-h    38 

—  04 

+•05 

21   k6 

5 

23  07 -6 

1729-5 

3748 

14*11 

+»-30 

—  04 

4- -05 

8 

22-56-4 

16-751 

37-94 

14-85 

+  1-38 

—  04 

+•05 

16 

2I-89-3 

I6-09-9 

3896 

14-41 

-fo-41 

—  04 

+•05 

22 

22-32-4 

16-457 

39.66 

16*10 

-|-I*22 

— -00 

-f*04 

30 

2306- 1 

I7-22-8 

40*35 

15*32 

+  -15 

—•04 

+-05 

31 

22-64*0 

16-78*2 

40-40 

15*90 

4-  -06 

— *04 

+•05 

Nov.    I 

22.74-9 

16-91-0 

4046 

15*46 

—  -27 

—  04 

+•05 

4 

22-320 

16-49-3 

4074 

1518 

-   83 

—  04 

+■05 

6 

22747 

16-86-5 

40-97 

1645 

+  -13 

—  04 

+•05 

12 

22-8l$ 

16-95*0 

41 -34 

i6-o6 

—   -21 

—  06 

+-05 

13 

22-33I 

i6-4i*i 

41-37 

1734 

+I-43 

— *o4 

-j-*o5 

14 

23.27-3 

17-32-6 

41-40 

17*96 

-fi-40 

—  04 

+•05 

17 

22'77'5 

16-86*6 

41*60 

17*08 

.+  '24 

—  04 

4-05 

19 

2279-0 

16*83*6 

41-76 

l8*I2 

-j-i-io 

— *o8 

4- -04 

21 

23037 

17-22-4 

41*89 

14*85 

—2*34 

—•04 

+•05 

23 

23-I6-9 

17*23-2 

41-96 

«7-73 

+  1*06 

—-04 

+•05 

30 

21 -835 

iS-93-9 

41-99 

16-78 

—  -39 

—•04 

-f-o5 

Dec.    5 

2267 '5 

16-71*8 

42*22 

18*19 

+  -41 

—  04 

-f-05 

9 

22-07*2 

16*16*2 

42-20 

17*10 

—  -Of 

•04 

+  05 

10 

22357 

i6*47*i 

42-17 

16-55 

—  77 

—  04 

+•05 

12 

22-43-3 

16*56-9 

42-14 

1604 

—  71 

-  04 

+  05 

13 

22-20-8 

16-29-6 

42*14 

17*15 

—    19 

—  04 

4-05 

15 

22-92*5 

16-96-8 

42*16 

18-19 

+108 

—  04 

4- -05 

17 

22.26-7 

16-31-5 

42*22 

18*08 

+  -81 

—  04 

4-05 

21 

22-21*1 

16*27*2 

42-16 

17*78 

+  -30 

—  04 

4- -05 

23 

22-43-8 

16*49*5 

42*04 

17-87 

-fi-o8 

—  04 

4-*o5 

24 

22-575 

16*63*3 

41-97 

17-85 

+  *6i 

-04 

+•05 

25 

22-27*1 

16*32*8 

41*90 

17*87 

-f  *98 

—•04 

4- -05 

26 

2201-5 

16*14-1 

41-86 

16-27 

—  -47 

—  04 

4-05 

29 

22*81*4 

16-85-8 

41  82 

1817 

+  -99 

—  04 

4- -05 

«    30 

22*56*9 

16-65*4 

41-82 

17-22 

+  -07 

—  04 

4-*o5 

1892. 

Jan.     2 

23'i8*o 

1 7  •30-3 

4176 

16-34 

+    09 

—•12 

4--06 

5 

22*51*9 

16*70-5 

41-58 

14*88 

— 1-16 

—  04 

4- -05 
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BetuUs  frtm  observations  for  the  variation  of  latitude  at  Waikikij 

Mawaiian  Islands. 


GROUP  V,  PAIR  4. 


Dite. 

Micrometer. 

Me^n  app. 
Dec. 

Corrections. 

Latitude. 

JV. 

8. 

Mu, 

Level. 

^ 

/.      Mer. 

1891. 

/.  1/. 

/.     d. 

0      /      // 

f     ff 

ff 

i 

u         // 

0     /       // 

Oct  4 

7787 

29-33-1 

21    08  04*32 

-1-8  1979 

-   53 

+' 

15     -I--06 

21    16  23*79 

5 

7*927 

29-42-8 

04-44 

18*79 

-f  -32 

+• 

15    4--o6 

23*76 

8 

8.77-2 

30-263 

0488 

18-56 

-f-  -41 

-f" 

15     -f-*o6 

24*06 

30 

7-897 

29-34-5 

07*20 

17-56 

—1*30 

-h' 

15     4-06 

2367 

„    31 

7877 

29-32-3 

07*26 

17-51 

—1-34 

+• 

15     -1-06 

23*64 

Nov.  I 

7*92'2 

29-41-0 

07*30 

1 8*49 

— 1-42 

+' 

15     4-06 

2458 

4 

8-09-3 

29527 

07*58 

1724 

—  I-2I 

-f' 

15     4-o6 

23*82 

6 

7-80-2 

29*25- 1 

07*80 

1758 

^148 

+• 

15     -f-06 

24*11 

«3 

8-OI-8 

29-348 

o8*2i 

14-82 

+     30 

-f' 

15    -I-06 

2354 

14 

8-36I 

29-69*3 

08*25 

14-87 

+     76 

-{-' 

15    -j-06 

2409 

17 

8-3II 

29*69*2 

0844 

16-01 

—  -59 

-h 

15    -ho6 

24*07 

19 

878-8 

30*13-9 

08-60 

15*31 

—    16 

17    -f  05 

2397 

21 

8-84-6 

30-33'6 

08*74 

18-54 

—3-29 

-f- 

15    -f-06 

24-ao 

23 

8-85-9 

30-18*2 

0882 

14*66 

+  •" 

+• 

15     -j  06 

2380 

n     ^ 

7-88-4 

29-31-4 

08*88 

17*14 

— 2-27 

-f 

15    -1   06 

2396 

Bee.  5 

8-09*0 

29-46*0 

09-14 

'575 

— 1*22 

-f" 

15     -f  06 

23*88 

6 

8-27-4 

29*65*3 

09*16 

15*96 

-1-30 

+ 

12    -f  06 

24*00 

9 

8-40-0 

29*80*8 

09-14 

16-63 

—1*79 

-1- 

15     -f  -06 

24-19 

10 

7-67-5 

29-12*7 

09*12 

17-65 

—2*39 

-f 

•17  [  4- -05 

2460 

12 

7-37-3 

28-82*1 

0909 

17-56 

— 2*42 

4- 

IS     -f--o6 

24-44 

15 

775*7 

29-08-6 

09-14 

14-80 

—   *27 

+ 

•15     -I-06 

23*88 

19 

8-33'3 

29-61*1 

09-22 

13*62 

+  -8' 

+ 

11     -j-06 

23*82 

21 

8-29-7 

29-62-3 

09-19 

14-73 

—  -49 

-f 

15    -H-o6 

23*64 

23 

7-96-8 

29-31*9 

09-08 

15-31 

—   *72 

+ 

■15    -f*o6 

2388 

25 

9"57-3 

29-96-3 

0897 

l6'22 

—1*54 

+ 

15    -f  06 

2386 

26 

8- 143 

29-53*3 

0893 

16*22 

—113 

+ 

•15    -f-o6 

24-23 

29 

8-23'2 

29-58*6 

08-91 

15-38 

—  -26 

-f 

•17    4-05 

24*25 

c   ^ 
1892. 

Jaa.  5 

8-53-6 

29-957 

08*92 

16*94 

—1-56 

+ 

•15    -i--o6 

24-51 

8-3a-i 

39.77.7 

0874 

17*75 

1*88 

+ 

•II    -f*04 

24*76 
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U.   8.   COAST   AND   GEODETIC   SURVEY. 


GROUP  V,  PAIR  5. 


^ 

] 

Pate. 

'  Micrometer. 

Mean  app. 
Dec. 

Corrections. 

lAtitttde. 

N. 

S. 

Mic, 

Level, 

Ref, 

Mer, 

/ 

189I. 

/.       d. 

t.    d. 

0       /     // 

/      // 

ff 

// 

fi 

0     /       //     I 

Oct.    4 

25.447 

14-877 

21   20  2933 

—4  05-21 

•68 

—  08 

-f--o6 

21    16  23-42  1 

5 

24-77-2 

14*  1 50 

29-44 

06*41 

+    69 

—  08 

-f-o6 

23*70  1 

8 

25  •30-6 

14-67-9 

29-88 

0653 

+  -53 

-08 

-f-o6 

2386 

16 

24-63-2 

14030 

30-84 

05-95 

—  -49 

—-08 

4-06 

24-38 

28 

25-63-3 

14-997 

3209 

06-74 

— i-8o 

—•08 

+  06 

2353 

.  30 

24-97-3 

I4-32-3 

32-18 

07  06 

-    96 

•08 

+  06 

24-14 

31 

25177 

14-537 

3223 

06-83 

—1-46 

—  08 

4-06 

2392 

Nov.   I 

24-99*2 

I4*27'8 

32-28 

08-55 

-f-    09 

—  08 

.4-06 

2380 

4 

25- '45 

i4-45'2 

3254 

08-06 

—    72 

•08 

-f-o6 

23-74 

6 

25  76-5 

1505-8 

3277 

08-39 

-  -59 

—  08 

-f-06 

2377 

13 

25  06-2 

14-287 

3318 

09-96 

-f-  -42 

—  08 

4-06 

23-62 

14 

25-61 '3 

I4'84'2 

33*22 

09-87 

-h  -56 

— ^8 

-f-06 

23-89 

17 

25-880 

1509-5 

3340 

I0-20 

-h  -94 

-08 

4-06 

24-12 

>9 

25-945 

15127 

33-57 

10-96 

+«-45 

—  08 

-j-06 

24-04 

21 

25-45-1 

1480' I 

3372 

0706 

—2-39 

—  08 

-h-06 

2425 

23 

25-49-8 

1471-9 

33-80 

io*o6 .  -f-  -48 

—  08 

-f  06 

24-20 

30 

26 -03 -5  i  1 5 '30*0 

33-86 

09*04   — 1-40 

•08 

4  06 

23-40 

Dec.    I 

25-29-5 

i4-42'9 

33-9' 

12-07 

+204 

—  08 

4-06 

2386 

5 

25-37-0 

14*630 

34-14 

09-15 

— I-I7 

—•16 

4-08 

2374 

6 

25  •330 

i4'6o'2 

34-16 

18-87 

—1-28 

-08 

4^06 

23-99 

9 

25-H-I 

I4"38i 

3416 

08-92 

-"54 

-08 

4-06 

23-68 

10 

25-48-1 

147 '3 

34-14 

09-80 

—  -37 

—  08 

4-06 

2395 

12 

24-68-8 

I3'990 

34-12 

o8-i8 

—  1-66 

•08 

4- -06 

24-26 

'5 

2593-6 

I5II-6 

34-17 

IX'OI 

-h  -69 

-08 

4-06 

2383 

»9 

2498-7 

1415  I 

34-27 

11-38 

-I-I-I6 

-08 

4-06 

24-03 

21 

25-26-4 

I4-48S 

34-24 

1006 

—    32 

—•08 

4-06 

23-84 

23 

25 -37  9 

14-61  5 

34-14 

0971 

-    85 

—  08 

4-06 

2356 

24 

25-70-2 

T4'92'6 

34- 'o 

0999 

—  -24 

-08 

4-06 

23-85 

25 

2604-8 

15-288 

3404 

09-62 

—  -06 

—  08 

4- -06 

2434 

26 

25-61-2 

14-86-4 

3401 

09-34 

-  -45 

—  08 

4-06 

24*20 

29 

2505-7 

i4-25i 

33*99 

10-64 

+  -92 

—  08 

4-06 

2425 

30 

25-98-9 

I5-20-8 

3400 

10-10 

-  -55 

•08 

4-06 

2333 

1892. 

Jan.     5 

25 •36*0 

i4"66-3 

33-88 

08-15 

— 1-12 

•08 

4-06 

24.59 
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Buults  from  observations  for  the  variatio'n  of  latitude  at  Waikiki^ 

Hawaiian  Islands. 


GROUP  V,  PAIR  6. 


1 

fitte. 

Micrometer, 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

1 

iV. 

S, 

Mic. 

Level. 

Ref. 

Mer. 

1891. 

/.    d.    1    /.   ^. 

0      /     // 

/       // 

// 

// 

// 

0      /       // 

Oct.  4 

I6-96-8 ;  22-287 

21    14   2074 

+  2  03.39 

-  -55 

+  03 

4  -05 

21   16  23 -66 

I 

i6'63'0 

2 1 -92-5 

20-85 

02 -^4 

—  -oo 

+  03 

-f-05 

23-71 

! 

16-85 -2 

22-09-4 

21-27 

01-61 

-h  -84 

+  03 

4-05 

2380 

/     '5 

16-99-2    22-^3-7 

2225 

01-68 

— I  06 

-03 

+  •05 

22-95 

28 

17-32-5    22-57-I 

23-50 

01-70 

—2-02 

+  03 

4-05 

23-26 

'     30 

I6-54-9    21-77-6 

2359 

01-26 

-1-53 

+  •03 

+  05 

23-40 

31 

16-61-3 

21-838 

23-64 

01-21 

-1-63 

-ho3 

+  05 

2330 

Nov.   I 

16-55-9 

2i73'3 

23-70 

00-03 

—   11 

+•03 

4-05 

2348 

4 

17-19-8 

22-39-1 

23-96 

60-47 

—  -97 

+•03 

-f-05 

23*54 

6 

16-83-2 

22-00-8 

24-18 

0008 

— i-oo 

4- -03 

-h-05 

2334 

13 

17-21-0 

22-355 

24-62 

+  1  5936 

-f  -18 

-f03 

-fo5 

2424 

14 

17-66-6 

22-76-3 

24-65 

5824 

V  71 

+  03 

4-05 

2368 

17 

17 '87 '7 

23-00-7 

2484 

59-01 

—  -12 

^-•03 

+  05 

23*81 

«9 

I7'53i 

22-61-7 

25-00 

57*99 

+  75 

+  03 

4   05 

2382 

21 

I7-68-6 

22-84-9 

25-16 

5977 

—"^'11 

-I--03 

-I-05 

2368 

23 

17-66-3 

22-77-2 

25-26 

5852 

•00 

+  03 

+  •05 

23*86 

30 

17-05-8   22-21-0 

2532 

59-52 

-1-53 

foj 

fo5 

23*39 

Dec.    I 

17-53-0 

22-55-8 

25-38 

5664 

fi-53 

-fo3 

-fo5 

2363 

6 

1702-7 

22-19-9 

2564 

59-98—2-10 

-f  03 

f  05 

23  60 

9 

I6-84-2 

22-01-7 

2565 

6005    —1-74 

-r-o.^j 

+  05 

24-04 

10 

i6-55'4 

21-69-6 

2563 

59-29    -    98 

+  03 

-f-05 

24-02 

12 

16-13-9 

21-21-5 

2502 

57-76!    f    -22 

+  03 

+  05 

2368 

»S 

16-52-3 

21*62-6 

2566 

58-38 ;  -  46 

1-05 

fo5 

23-66 

19 

16-94-9 

22*02'0 

2579 

57-64 

-f  -17 

+  •05 

-f  05 

2370 

21 

17-25-8 

22-39-8 

2578 

5924 

-  '95 

-I-03 

4  05 

24-15 

23 

17-10-9 

22-27-1 

25-70 

5975   —1-21 

-f-03 

4  05 

24-32 

24 

17-04-2 

22-14-0 

25-64 

5827   -  -33 

+  OJ 

-r-os 

23-66 

25 

16-85-8 

22-03-4 

2559 

6008  1  —2  00 

-H03 

fo5 

2375 

26 

I6-82-6 

21-95-7 

2550 

S903 

— 1-13 

+  03 

+  05 

23*48 

29 

16-871 

21-96-3 

2554 

5813 

—    23 

+  03 

-f-o5 

2352 

-    -JO 

l6-23*2 

21 -38-8 

25-56 

59-61 

— i-i6 

+  03 

4- -05 

2409 

1S92. 

fan.     5 

I6-95-8 

22-l6*7 

2546 

6084 

—1-86 

■f-03 

+  05 

2452 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 

« 

GROUP  V,  PAIR  7. 


Date. 


189I. 
Oct.    4 

5 
8 

16 

30 

31 

Nov.    I 

4 
6 

14 

17 

19 
21 

23 

30 
Dec.    I 

5 

9 
10 

12 

15 

17 

'9 
21 

23 

24 

25 
26 

29 

1892. 
J*n.    5 


Micrometer. 


N. 
t,    d, 
3*41 -o 

3-387 
3540 
3*42-8 

374-8 
3-657 
3'59*6 

3*45  o 
381 -8 
4*09-8 

4I9-3 
41 1 -9 

4-43-I 
454-2 

373' 
4-17-4 
3-40-6 

3"3i*8 
3-41*0 
3-59-2 
2-98-8 

3-54-5 

3-28'2 

3-52-9 

3-24-6 
3-30-0 
3-26-9 
3'66-o 

3-51-3 
3-560 


I3'53*6 


5. 

/.    d, 

25-77-0 

25-74-4 
25-87-5 

25-74-6 

26-02-2 

25-96-8 

25-80-7 

2572-2 

26-07*9 

26'28'0 

26-40-0 
26-30-8 

2657-3 

26-69*2 

25.97.9 

2630-2 
25-62-5 

25.59.7 

25-63-9 
2576-6 

25-I2-I 

25-737 

25477 
25.72-5 

25-41-3 

25.47.3 

25-49-7 
25-85-3 
25-69-3 
25.77.4 

2575-5 


Mean  App. 
Dec. 


o     /       // 

21  II  37-IO 
37-20 
3760 

38-55 
39-84 
39-88 

39-92 

.  4017 
4040 
40-86 

4104 
41-20 

41*36 
41-46 

41-54 
41-58 
41-84 
41-90 

41*88 

41-87 

41-93 
4202 

42-08 

42-08 

42-01 

41-96 

41-92 
41-89 
41-90 
41-92 

41-88 


Corrections. 


La 


Mic. 

Level 

/     // 

ff 

+4  46-73 

+  -09 

4666 

+  -55 

46-15 

+  -38 

4576 

—   72 

44*74 

-  05 

45-60 

— 1-19 

4328 

-h  -51 

44-69 

—  -49 

44-44 

~  -37 

42 '60 

+  -96 

43-18 

—  -20 

42*77 

-f  -22 

41-68 

-h  -64 

41-86 

-f  71 

44-14 

—117 

41-35 

+1-35 

4346 

—147 

44-86 

— 1-92 

4370 

— 1-46 

42-42 

4-  04 

41-47 

+  -65 

42-84 

—  -40 

42-91 

—  -50 

4293 

—  -70 

42-26 

+  -04 

42-40 

—  -34 

4367 

—115 

42-86 

—  -88 

42-56 

—  75 

43-35 

—   80 

43-46 

—1.04 

Ref, 
ff    ' 

+-08 
-1-08 
-f-08 
-f-08 
+  08 
+-08 
-J--10 
-1-08 
-f-o8 
-f-08 
4-08 
-f-io 

4- -08 

-f-o8 
-f  08 
+  08 
-f-06 
+•08 
-f-08 
-f-08 
-f-o8 
-{-•08 

4- -08 
4- -08 
+  08 

4--I2 

4-o8 

-f-08 

-}-i6 
-f-o8 

+•08 


Affr. 
ff 

+  •05 

-f-05 

+•05 

+-05 

+  -05 

+•05 
4-05 

4- -05 

4-05 

4-06 

4-05 

4-05 

4-05 

4-05 
4-06 

4-05 

4-05 

4-05 

4-05 

4-05 

4-05 

+•05 
4-05 

4- -05 
4-^5 
4- -04 
4-05 
4-05 
4- -05 

4-05 
4- -05 


21  i> 
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Renlti  from  obsei'vations  for  the  variation  of  latitude  at    Waihiki^ 

Hawaiian  Islands. 


GROUP  V,  PAIR  8. 


'  Otte. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

1 

1 

A^. 

S, 

Mic, 

I.n'el. 

Ref, 

Mer, 

I89I. 

td. 

t,  d. 

0      /       // 

f     ff 

ff 

// 

ff 

0      /       // 

;oct  4 

19*96-9 

17-41-2 

21  17  23-47 

—0  59-32 

—   '20 

— -02 

-|-*o5 

21    16   23-98 

5 

20-2O'4 

17-76-6 

2356 

56-56 

—302 

— -02 

+  05 

24*01 

8 

2173-6 

1909-7 

2395 

— I  01-22 

+  73 

— -02 

-f-o5 

2349 

16 

21-89-7 

19.328 

24*88 

0  59'6o 

-•83 

-r-02 

+•05 

24-48 

30 

21-58-7 

18-91-9 

26-14 

—1  01-89 

-   56 

— -02 

4-05 

23*72 

L.   31 

21  •54-5 

18-90-2 

26- 1 8 

01-31 

—1-37 

—  02 

+  05 

2353 

WOT.   I 

21757 

1902-5 

26*22 

03*38 

-h    81 

— -02 

-f-o5 

23-68 

4 

22*l8'9 

19-51-9 

26-46 

01-94 

—  *67 

— -02 

+•05 

2388    ' 

6 

22-29*0 

19-62*5 

26-68 

01*82 

—  -93 

— '02 

+•05 

2396 

»3 

21 -36-3 

18-63-8 

27-12 

03-22 

—  -06 

00 

+  04 

2388 

14 

22-72-9 

19-96-6 

2714 

04*10 

+  71 

—  02 

+•05 

2378 

17 

22*47 '7 

1978-5 

27-31 

02-45 

-•56 

— -02 

-j-05 

24*33 

19 

22-58*3 

I9-8I-3 

2748 

04*26 

-1-  -61 

— *02 

-h*05 

2386 

21 

22*90-1 

20-11-7 

27-64 

0458 

-1-  -91 

— -02 

+•05 

24*00 

n^^l 

22*91-8 

20-13-6 

2775 

0454 

+  105 

— -02 

+•05 

24*29 

Dec.  6 

21*70*2 

19-01*9 

2818 

—\  02*24 

—1-86 

— *02 

4-05 

24-11 

9 

21-65*6 

1 8*97 -2 

28*21 

02-26 

—1-77 

— *02 

-f-05 

24*21 

10 

22-61-2 

19-91-5 

28*20 

02-57 

—1-52 

— '02 

-f-os 

24-14 

12 

21-80-3 

1908-9 

28*18 

02-96 

—  79 

— *02 

4-05 

24-46 

IS 

21*72*1 

1 8-94-3 

28*25 

04-44 

•—   -12 

— -02 

+•05 

2372 

17 

22*44-6 

19-69-1 

2834 

03-91 

—    26 

— *02 

■f-o5 

24-20 

'9 

22-07*1 

19-31  "8 

28*40 

03.87 

—   "lO 

00 

-f-o5 

24-48 

21 

22*00*5 

19-23-6 

28-43 

0424 

—  -37 

— *02 

-f-o5 

2385 

23 

22*43-2 

19-69-2 

28-36 

•  03-56 

—  -57 

— '02 

-fo5 

24-26 

24 

2I-7I-5 

18-97*2 

28-32 

0363 

—  -92 

— *02 

-|-*02 

2377 

25 

22*27*4 

19-54*1 

2828 

03-40 

— I '02 

— -02 

-f-05 

2389 

26 

21*88-5 

19*16-1 

2825 

0319 

—  73 

— -02 

4-05 

24-36 

29 

21*50*7 

18*87*6 

28-26 

01-04 

—2-95 

— '02 

4-05 

2430 

.  30 

22*17*5 

I9-45-8 

28*29 

03.03 

—1*28 

—•02 

+  •05 

24*01 

.1892.    1 

Jan.    5 

2 1  •70"  I 

1 8-96*3 

2828 

03*52 

-    56 

—•02 

-fo5 

24-23 
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U.   S.   COAST  AND   GEODETIC   SUEVBY. 


GROUP  VI,  PAIR  I. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

A^. 

S. 

Afic. 

Level, 

Ref. 

Mer, 

1891. 

/.    d. 

t.    d. 

0      /       // 

f      // 

// 

ff 

// 

0      f       ff 

Nov.  19 

2512-2 

1415-2 

21    20  37*28 

—4  1449   4-  -62 

—-08 

-I--06 

ai  16  24*39 

21 

24-76-6 

1378-' 

37-42 

14-84  +2-76 

—•08 

-f-06 

2532 

30 

2474-8 

13-88-5 

37-54 

I2-01     —     51 

—  08 

-i--o6 

25  00 

Dec.    I 

24*01-6 

1 3 -02 -6 

3756 

H-95    -f-2-37 

— *o8 

-f--o6 

24-96 

5 

23-99- 1 

«3ii-3 

3779 

12-35;-  -54 

*o8 

4-06 

24-88 

9 

24-30-4 

I3-44I 

3790 

12-01 

-  -89 

•08 

-f  06 

2498 

10 

245 1 -5 

13-60-6 

37-89 

1307 

—  .14 

•08 

f-o6 

24-66 

12 

24'69>i 

1374-9 

37*86 

1384    -h    40 

-08 

4- 06 

2440 

15 

25-02-9 

14.090 

3790 

13-77    -f  -74 

—  08 

-j--o6 

2485 

19 

2477-2 

13-797 

38-08 

14-60  1+  -52 

—  08 

-fo6 

24*98 

23 

24'49-i 

I3-58-I 

3814 

i3-»ol—  -35 

08 

4-06 

24*67 

24 

25o6'9 

14-09-8 

38-12 

14-511  4-103 

•08 

4-06 

24-62 

25 

24-180 

13-255 

38-09 

1344  i  4-    34 

•18 

-f-17 

24-98 

26 

245 10 

13-57-9 

3806 

13-58    —   06 

-08 

•06 

24-40 

29 

2478-4 

>3-93"3 

3809 

11-73I— 116 

-08 

4-06 

2518 

30 

25-28-5 

1440-8 

38-12 

12-33 

—114 

—  12 

-f-05 

24-58 

1892. 

Jan.    5 

24-47*2 

I3-47-9 

38-30 

1502  .4-1-48 

•08 

+  06 

24-74 

6 

24-96-9 

1 3  86-0 

3828 

17-71    +355 

—  08 

4-06 

24*10 

10 

25-81-7 

i4-8o-o 

38-19 

15-58 

-{-2-16 

—  08 

-f-06 

24-75 

II 

24'24-6 

I3'30'3 

38*20 

13-82 

4-    84 

—  08 

4-06 

25-20 

12 

24-20-6 

13-29*6 

38*22 

1310 

4-  -30 

•08 

4-06 

25-40 

15 

24-46'0 

I3-49-6 

38-32 

14-35 

4-1-35 

—08 

4-06 

25-30 

16 

24-18-6 

13-22*7 

3836 

14-23 

4-  -32 

— *o8 

4-06 

24-43 

18 

23-81-5 

12-82-4 

3836 

14-97 

+1-59 

— *o8 

4-06 

24-96 

20 

24i6-5 

13-16*2 

38-30 

1525 

+1-51 

—  08 

4-06 

2454 

21 

2393-2 

12-85-9 

3826 

.    16-88    4-3-19 

08 

4- -06 

24-55 

23 

23-84- 1 

12*69*1 

38-18 

i8*66    4-5-31 

—•08 

4-06 

24-81 

24 

24-16-9 

13-22*7 

3817 

13-79    4-  -60 

—  08 

-ho6 

2496 

25 

23-96-0 

1 301  4 

38-16 

13-93!  -fi-15 

—08 

1   09 

2539 

27   23-87-9 

12-99*2 

3821 

12-56 

—  -20 

—  08 

-r-'o6 

25-43 

Feb.    3 

24-487 

13-51-0 

38-19 

14-65 

4-1-52 

-08 

4-06 

25*04 

4 

24-21-6 

1322*3 

38-U 

1 5  02 

4-1-92 

—-08 

4-06 

• 

25-07 

6 

24-45'5 

13*38-2 

3806 

16*88 

+3-54 

—  08 

4-06 

24-70 

8 

23-95-6 

12*96-9 

38-04 

14*88 

-j~2-22 

•08 

4-06 

25-36 

II 

24-84-2 

13-80*5 

3809 

1604 

4-2*88 

—•08 

4- -06 

2491 

12 

24-00*6 

13-02*3 

3810 

14-79 

4-22i 

—•08 

4-06 

2552 

13 

24*20-7 

I3-22-5 

38*09 

14-77 

4-1-34 

—-08 

4-06 

24-64 

14 

24-31  9 

13-30-0 

3808 

15-62 

4-2*92 

—  08 

4-06 

2536 
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BmUs  from  observations  for  the  variation  of  latitude  at  Waikiki^ 

Hawaiian  Islands, 


GROUP  VI,  PAIR  2. 


1  Dite. 

Micrometer. 

Meftn  app. 
Dec. 

Corrections. 

Latitude. 

M 

5. 

% 

A/ic. 

Level, 

Ref. 

Mer, 

1891. 

/.  1/. 

/.     d. 

0     /       // 

/      // 

ff 

// 

// 

or// 

Nov.  21 

8-09-3.  30185 

21  07   50*22 

-f  8  32-50 

+  1-47 

+ 

14 

4- -05 

21    16  24-38 

^   ^ 

7'89-4 

30-07 -I 

50-30 

34-47 

—1*27 

-f 

14 

4- -05 

23*69 

I>cc  5 

8-480 

30-64-8 

50-54 

34-26 

-  -87 

-f 

»4 

4-05 

24' 1 2 

9 

8-43-6 

30-61-9 

50-63 

34-61 

—1-84 

+ 

*4 

4- -05 

2359 

10 

806-4 

30- 19-7 

50-62 

33-45 

-  -45 

+ 

14 

4- -05 

23-81 

12 

776-6 

29-86-9 

50-58 

3276 

-f  -07 

+ 

14 

4-05 

23-60 

15 

8o2-6 

30-H-0 

50-60 

3232 

+  -33 

4- 

H 

4- -05 

23-44 

23 

8'o8-i 

30-20-4 

50-84 

3322 

—  '96 

4- 

14 

4-05 

23*29 

26 

7'6i7 

2974-3 

5074 

3329 

—  -42 

+ 

•14 

4-05 

2380 

28 

7"96-2 

30-097 

5074 

3350 

—  -59 

4- 

14 

4- -05 

2384 

1892. 
Jan.    5 

7  •80-9 

29*96*8 

50-76 

3406 

-117 

4- 

14 

4-05 

2384 

7-89-2 

29-96-6 

50-96 

32-08 

+  -51 

4- 

14 

-h-05 

23-74 

6 

8-245 

30-26-2 

50-94 

30-76 

+  1-47 

4- 

14 

4- -05 

2336 

10 

8-41 -3 

30-47-1 

50-85 

3171 

+  11 

4- 

14 

4- -05 

2348 

II 

7-33-4 

29-40-5 

50*86 

32*01 

-f    56 

4- 

14 

4-05 

23*62 

12 

7*28-5 

29-4V9 

5088 

3394 

-I-I3 

-h 

14 

4-05 

23-88 

>5 

7I3-3 

29-19*1 

5099 

3171 

+  -55 

4- 

16 

4- -05 

23*46 

16 

6-93-5 

29-04-7 

51-02 

3296 

—  -33 

4- 

U 

4-05 

23-84 

18 

773-9 

29-82-4 

5103 

3234 

+  -36 

4- 

14 

4-05 

23-92 

>9 

7*6o-o 

29*68-6 

51-00 

3236 

—  -oi 

+ 

H 

4-07 

2356 

20 

7-48-5 

29-597 

50-97 

3296 

-   84 

4- 

14 

4-05 

23*28 

21 

7-897 

29-92-5 

5093 

31*02 

-I-I-95 

4- 

14 

4-05 

2409 

23 

715-9 

29-21*9 

50-86 

31-76 

+1-34 

4- 

14 

+  05 

24-15 

24 

7 -28- 1 

29*42-7 

5084 

3375 

—   93 

4- 

M 

4- -05 

23-85 

r.    ^7 

7734 

29-96-3 

5089 

35-68 

—211 

+ 

14 

4-05 

24-65 

Feb.   2 

776-5 

29-80-9 

50-94 

3»'39 

+  1-51 

+ 

18 

4-04 

2406 

3 

7417 

29-46-6 

5094 

31-50 

+  i-3« 

4- 

14 

4- -05 

23-94 

4 

7'39'2 

29-48-5 

50-84 

32-52 

+  -57 

4- 

14 

4-05 

24-i« 

6 

876-3 

29-84-3 

50-77 

32-23 

4-  -99 

4- 

■14 

4-05 

24-18 

8 

805-8 

30-15-8 

5075 

3269 

-f    63 

4- 

14 

4- -05 

24*26 

II 

7-62-7 

29*68-2 

50-82 

31-64 

4-1-51 

4- 

'4 

4-05 

24*16 

12 

7-54-0 

29-63-2 

5083 

32-50 

+  1*16 

4- 

-12 

+  07 

24-68 

'3 

8-98-8 

30-07-1 

5083 

3229 

4-  -21 

4- 

•14 

4- -05. 

23-52 

H 

7-20-9 

29-33-5 

50-83 

3329 

-  -35 

4- 

14 

4--05 

2396 

20 

7-298 

29-41-8 

50-53 

33-15 

+  -55 

+ 

14 

4-05 

2442 

21 

695-9 

29-08*4 

50-52 

3327 

—  03 

+ 

14 

4-05 

23-« 

22 

6-657 

a875-8 

5050 

3271 

-h   62 

4-' 

14 

+•05 

24*0;? 

23 

7^411 

29*59*2 

50*51 

34-57 

—  -91 

4-14 

4- -05 

24-36 
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U.  S.   COAST  AND   GEODETIC  SURVEY. 


GROUP  VI,  PAIR  3. 


Dtte. 

Micromete  r. 

Mean  app. 
Dec. 

1 
Corrections. 

Lotil 

N, 

s. 

mc. 

Level, 

Ref, 

Mer, 

1891. 

t.     d. 

t.   d. 

0     /       // 

/      // 

//    • 

ff 

fi 

0     / 

^Nov.  19 

2303-6 

15*67-5 

21    19   13*16 

— 2  50-76 

-f  -89 

—•05 

+•06 

21    16 

21 

22-60-4 

15*26-1 

13-27 

50*35 

■f    65 

—  05 

-|-*o6 

30 

22-537 

15*26*3 

13*32 

48*75 

-'•55 

-05 

+.06 

Dec.    I 

23*6oo 

16*24-8 

13*32 

5055 

+1*28 

-05 

4-*o6 

5 

22'IO'l 

14*82-3 

13-52 

48*84 

-•64 

-05 

4-*o6 

9 

21-865 

14*64*6 

13-62 

47*47 

—1*99 

—•05 

-f*o6 

10 

2176-0 

H'S3'3 

1360 

47*65 

—1*76 

—  05 

4-06 

12 

22-26*4 

14*96-2 

13-56 

4939 

+  -23 

—  05 

-|-*o6 

IS 

21-68-7 

14*32-6 

13-57 

50*76 

4.  *62 

-05 

4- -06 

19 

21-84*0 

14*51*2 

13*74 

50*00 

4-  -25 

-05 

+  05 

23 

21  ^^^ 

Hi4'3 

13*82 

49*93 

+  -19 

—  05 

-j--o6 

26 

21*44-6 

14*16-3 

13*74 

48*95 

-  .98 

—  05 

+  06 

28 

21-59-8 

14*29*9 

13-74 

49*33 

—  "69 

-05 

+•06 

29 

21-97-6 

1472-3 

13-76 

48-26 

—1-49 

-05 

-f*o6 

30 

21*67*1 

I4'39*3 

13*79 

48-84 

-1*25 

-05 

'+*o6 

1892. 

Jan.     5 

22*49*6 

15*10*3 

14*00 

51-51 

-f    *82 

-05 

+  06 

6 

22*37-3 

15*01-7 

13-99 

5065 

+  -45 

—  05 

-i--o6 

10 

22*15*5 

14*749 

13*91 

51*81 

+  1*79 

—  05 

4- -06 

II 

21*10*1 

13*74*6 

13*93 

50-62 

+  *56 

—  05 

+  06 

12 

21*21*3 

13*960 

13-95 

48-26 

—  I-IO 

-05 

+  06 

15 

2I'20*8 

I3-8S-4 

14*08 

50*60 

+  *87 

—  05 

-f*o6 

18 

2i*57*o 

I4-23-3 

14*15 

50*21 

+  *14 

—  05 

4- -06 

19 

2178-5 

14.44-6 

14*13 

50-25 

—  -29 

—•05 

4- -06 

20 

21*11*2 

»3-8S7 

14*12 

48*31 

—2*12 

-05 

4-*o6 

21 

21*59*3 

14-19-8 

1408 

5155 

-|-1*02 

—  05 

4.06 

23 

21*21*6 

13-80*2 

14*02 

51-99 

-|-2*IO 

—05 

+  06 

24 

2 1 -05 '7 

13*81*0 

14*02 

48-12 

—1*99 

-05 

4- 06 

25 

20*72*4 

I4-47I 

14*02 

48-26 

— 2-10 

—  05 

-f-o6 

27 

20*92*6 

12*69-7 

14*08 

47-70 

— 2*02 

-05 

4-06 

Feb.    3 

21-37*4 

14*00*2 

I4'i8 

51-02 

+  *76 

—  05 

-fo6 

4 

21  •58-0 

14*21*9 

1414 

50*76 

+    69 

-•05 

4-06 

6 

21-36-0 

14*02*3 

1408 

50-21 

-h  -24 

—  05 

4- -06 

8 

21*23-5 

13*89*1 

14-08 

5037 

4-   *26 

—  05 

4- -06 

12 

20*64*0 

13*34*5 

14*20 

4923 

-  -97 

-05 

4-06 

13 

2ri8*9 

1 3*85 -6 

14-21 

50-11 

-  *5o 

—  05 

4.-06 

14 

20*547 

I3*i9'6 

14*22 

5053 

—    *02 

—  05 

4- -06 

21 

2r25*2 

21*22*8 

I3*94*9 

14-00 

49*44 

—  *43 

—  05 

4-06 

22 

13*912 

14-00 

49*72 

—  -17 

—  05 

+•06 

23 

2087-2 

13*56*6 

14-02 

49*49 

-  -97 

-05 

+  06 
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RmHi  from   observations  for  the  variation  of  latitude  at    Waikikiy 

Hatcaiian  Islands, 


GROUP  VI,  PAIR  4. 


i    Date. 

Micrometer. 

Mean  tpp. 
Dec. 

Corrections. 

Ljaitude. 

A^.     1      ^^. 

i 

Mic.       i  Lezfei. 

Rej\ 

Mer. 

1^91. 

t.d. 

A   (/. 

0     /     // 

f      ff            // 

1 

// 

tf 

0    /       // 

Nov.  19 

14-70I 

23-17-2 

21    13  07*12 

4-3  '6-51     f    37 

-{--08 

4^  06 

21   16  24-14 

21 

»5-93-5 

24-36-8 

0722 

1563  ;  -t-  '99 

-f*o5 

4-05 

2394 

Dec.  I 

14020 

2244-3 

07*24 

15-40  j  ^-1-12 

-h-o5 

4-05 

2386 

5ii4io-3 

22-60-8 

0740 

"730 

—1-23 

-f-05 

+  05 

2357 

9|i3-98-5i22-48-9 

0749 

1728;— 1*33 

+  05 

-r05 

2354 

12!  14  11-3   22-59*4 

0742 

1675 

—T     -29 

4-07 

^-05 

24*00 

»5|h85I!23-30-4 

07-41 

16-10 

+   -44 

4-05 

4-05 

24-05 

»9iM73-2 

23-15-5 

0756 

15*40 

-f  -16 

-f-09 

4-05 

2326 

23  I402-4 

22-49-4 

07*69 

1 6*49 

—  -28 

4-05 

-h'05 

24-00 

26 

I3-90-5 

22-40-9 

0754 

17*21 

— 1-09 

+  05 

4-05 

2376 

28 

14-61 '9 

23-13-1 

0752 

t7-46 

—  -90 

-f--o5 

4-05 

24-18 

29 

USS'S 

22-08-3 

0755 

1777 

—  1*60 

4-05 

4- -05 

23-82 

30 

I5-30-8 

22-81-7 

07-58 

1740 

-I-17 

+  05 

+  05 

23-91 

I892. 

Jan.    5 

I5-25-3 

23-67-8 

07*78 

15-45 

-f  -50 

4- -05 

4-05 

23  •?3 

6 

*4-94-8 

23-36-2 

07-76 

15-19 

+  "35 

4-05 

+  05 

2340 

10 

I505-O 

23'48-3 

07 -66 

15-63 

■f  -03 

-h-o8 

-r05 

2345 

II 

I3-93I 

22-39-1 

07-68 

16-26 

-f-  -12 

-f-05 

4-06 

24-17 

.      12 

I40S-3 

22-57-3 

0770 

17*65 

—108 

4-05 

-h-05 

2437 

1         i» 

1 

I407-8 

22-53-5 

07*89 

16*19 

•00 

+  05 

4-05 

24-18 

19 

I4-20O 

22-66-6 

0787 

16*40 

—   51 

4-05 

4-05 

2386 

20 

I411S 

22-63-1 

0784 

17-56 

—1-35 

+•05 

4-05 

24-15 

21 

»3-93i 

22-38-3 

07*82 

1607 

4-    06 

4-*o5 

4-05 

2405 

23 

I3'84'6 

22-24-0 

07-76 

'4-73 

-I-I-28 

4-05 

4- -05 

2387 

24 

«379-6 

2230-5 

0775 

17-40 

—1-67 

4- -05 

+•05 

2358 

25 

I3-46-3 

22-96-6 

0775 

17-26 

— 1-39 

4- -05 

4-05 

2372 

27 

I3SI'8 

2208-2 

07-80 

18-67 

—2-^5 

4-05 

-h-05 

24-22 

Feb.  3 

I3I6-8 

21-56-2 

07  90 

1473 

-h  •§! 

4-05 

+  05 

2354 

4 

13-45  0 

21-86-3 

0786 

15-17 

-f-  -88 

4- -05 

4- -05 

24-01 

6 

13-63-6 

22-o6'9 

07-79 

15-63 

-f-    67 

4-05 

4-05 

24-19 

0  I4*02*9 

22-44*5 

0778 

15*24 

+  -30 

4.-05 

4- -05 

23-42 

n  I3-88-2 

22*25*2 

07*88 

14  17 

-fi-65 

4-05 

4-05 

23*80 

12 

U76-5 

22'26'2 

07-90 

17-12 

— i-ii 

4- -05 

4-05 

24*01 

13 

I3S6-5 

22-00-3 

07-92 

J575 

+    06 

4-05 

fo5 

2383 

14 

1294-8 

21-42-1 

07-92 

16*56 

—   -22 

4-*o5 

4-05 

24-36 

20 

14-01-3 

22-47-6 

0772 

16-33 

—   -20 

4- -05 

4-05 

2395 

21 

I3-97-6 

22-47-8 

07-70 

1723 

—  -93 

4- -05 

4-05 

24-10 

22 

I3-26-6 

21-74-4 

07-70 

16*68 

-  -35 

4- -05 

4-05 

24-13 

- 

23 

1378-8 

22-23-8 

07-72 

1603 

-  -61 

4- -05 

4-05 

23-24 

S.  Ex.  37- 
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U.    S.   COAST   AND   GEODETIC    SURVEY. 


GROUP  VI,  PAIR  5. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

1 

N. 

S. 

Mic. 

Level, 

Ref. 

Mer. 

189I. 

t.  d. 

t.  d. 

0     /       // 

f      // 

// 

// 

ff 

0 

Nov.  19 

27-23-9 

1 2 -45 -8 

21   22  06-64 

—5  42-90 

-j-  *o6 

—  lO 

'-f-o6 

21 

21 

27-58-2 

1278-7 

06-72 

43-22 

H-  -64 

— -lO 

-fo6 

30 

25-77-6 

irioo 

0666 

40-46 

—2-78 

— -lO 

+  06 

Dec.    I 

26-5 1-9 

1272-6 

06-66 

43-18 

-|-    *I2 

— 'lO 

-f-o6 

5 

27-27-2 

12-53-7 

06-79 

41-83 

"—1-72 

— -lo 

4-06 

9 

26-39-6 

1 1730 

06-86 

40-23 

— 2-90 

— -10 

-J--06 

12 

26'08-2 

14.77.9 

0677 

4285 

—     32 

— -10 

-f  06 

IS 

25-467 

10-72*5 

06-74 

4199 

—   71 

—  10 

-f--o6 

19 

25-85-4 

1 1  06-6 

0688 

43-06 

-f     63 

—  10 

-f--o6 

23 

25-96-3 

11-19-3 

0695 

4264 

-    -84 

— -10 

4- -06 

25 

26-08  5 

1 1  •34*4 

06-89 

4197 

-  -58 

—  10 

-r-o6 

26 

26-26-6 

11-50-8 

0686 

4236  —  50 

—  10 

-f  06 

28   26-40-6 

1 1 -68-6 

0683 

41-48  —  -97 

—•10 

+  06 

29 

26-34-6 

11-67-5 

06-85 

4034  —2-01 

— -lO 

-f-06 

30 

26-658 

1 1 '92-8 

0687 

41-71 

—1-04 

— -lO 

4-06 

1892. 

Jan.     5 

26-6^-j 

II  •83-8 

07-08 

43-54   -f-  -23 

— *IO 

-f-06 

6 

26-583 

I1-8I-3 

0708 

4264 1  —  -25 

— -10 

-f-o6 

10 

26-87-9 

1 2 '08 -9 

06-98 

43-11  ,—  -21 

—•10 

4-06 

II 

25-80-5 

11-017 

07-00 

43-03+  -oi 

—  10 

4-*o6 

12 

25-91-9 

iii8-4 

07-01 

41  83  —    80 

—•10 

-i-06 

18 

25-18-9 

10-41-1 

07-23 

4282  ,  —  -17 

— -10 

-f-o6 

19 

26"or3 

II-26-9 

0722 

4204— 1-46 

—•10 

-f-06 

20 

25-823 

1 1  06-5 

0722 

42-36 '  — roi 

—  10 

+•06 

21 

25741 

IO-97-2 

0718 

42-62  —  -90 

— -10 

-I--06 

23 

25-40'9 

IO-56-3 

0713 

44-40j-fi-2i 

— -lO 

-f*o6 

24 

25  06-2 

IO-3I-2 

0713 

42-18—1-31 

— -lO 

-f*o6 

25 

2572-0 

10-99-6 

07-12 

4.1-57    —1-49 

— -10 

-f*o6 

27 

25  •43*4 

1079-3 

07-19 

39-65 

—2-65 

—•10 

-f--o6 

Feb.    3 

25-97-2 

1118-4 

07-34 

43-06 

-28 

— *IO 

4-06 

4 

25-92-0 

II-I2-8 

07-31 

43-15 

•00 

— -10 

-f-06 

6 

25-61-1 

10-82-5 

07*26 

4301 

—  -11 

— -lO 

+  06 

8 

25-21  4 

ir42-3 

07-26 

4313 

-{-    06 

—  10 

-ro6 

12 

25-80-4 

1 1  04-4 

0742 

42-41 

— «-39 

—  10 

4-06 

13   25-49-8 

10-72-8 

07-44 

42-64 

-86 

—  10    -f-o6 

20 

25-33-5 

IO-55-S 

07*31 

4287 

—  -40 

—  10 

-r-o6 

21 

26-83-1 

1209-8 

07-30 

,     41-78 

—1-76 

— -10 

-r06 

22 

25-23-8 

10-48- 1 

0732 

4234 

— 1*02 

—  06 

-f-04 

23 

25-61-9 

10-85 -8 

0734 

4243 

—117 

— -10 

4-06 
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BeklU  from  observations  for  the  variation  of  latitude  at    Waikiki, 

Hawaiian  Islands. 


GROUP  VI.  PAIR  6. 


Dite. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

iV. 

S. 

Mic, 

Level, 

Ref, 

Mer, 

1891. 

e.d. 

t,d. 

0     /       // 

f     // 

// 

ff 

// 

0      /       // 

Not.  19 

23-1 1 -o 

17*43*6 

21    18  3554 

—2    11-63 

+  -18 

—  04 

-f-os 

21    16   24*10 

21    23-41 -2 

17*70-4 

35-62 

12-42 

■f  -91 

—  04 

+  05 

24*  .'2 

.    3° 

22-447 

16-72*8 

3552 

12-67 

+  1-48 

—  04 

^•05 

24-34 

Dec.  I 

22-87*1 

17-20-6 

3552 

11*42 

-h  -44 

-04 

+  05 

24-55 

5 

2305 -7 

17*44-8 

3564 

10-12 

—1-37 

—  04 

+  •05 

24-16 

9 

2i-94-3fi6-35-8 

3570 

09-56 

—1*99 

—■04 

4-05 

24*16 

12'  22-59-5 

16-85-9 

3560 

1075 

—  -II 

—  06 

+  05 

24-73 

I5;22I3-4 

I.6-48-2 

35*56 

11*12 

—    17 

—  04 

-fo5 

24-28 

19!  2I77-I 

16-13*4 

3570 

10-77 

—   *2^ 

—  04 

+•05 

24-72 

23 1  22-287 

16*65-1 

3576 

IO-75 

.—   -52 

—  04 

+  05 

24*50 

25   2 1 -93 -8 

16-34-5 

3570 

09-75 

—  1-38 

—•04 

+-05 

2458 

26   2I-89-I 

16*29-8 

3567 

0975 

-  '95 

—  04 

+•05 

24-98 

28     22-20'6 

16*56*6 

3564 

Ko-84 

—  -61 

--•04 

-f-05 

2420 

29   22-06-5 

16-480 

35-66 

0956 

—1-73 

—•12 

+  09 

2434 

30 
1892. 

Jan.    5 

22*96*8 

16-38-1 

3567 

09-61 

—1-68 

-f-08 

-f-09 

24-51 

22*73*1 

1 7-037 

35-88 

12-09 

-f    -22 

-04 

•+-05 

24-02 

6 

21*91*3 

16*26*4 

35-86 

11-04 

—     23 

—  04 

+  05 

2460 

12 

22-52*1 

15*92*1 

35-8© 

0991 

— 1*07 

—  04 

-f-05 

24-83 

18 

21.19*9 

15*56*8 

3602 

10-63  j  —  *6i 

-04 

+  05 

24-80 

20 

21*21*2 

15*60*4 

36*00 

lO-IO 

—  1*21 

— -04 

4-05 

2470 

21 

21*40*9 

I574-3 

3598 

11-44 

019 

—  04 

-I--05 

2436 

23  1  21-16-7 

I5-40-3 

3592 

1372 

+  2-13 

—  04 

+  .05 

2434 

24!  21*64*3 

16*03*7 

3592 

10-05 

—  1-65 

— -04 

+  05 

.24-23 

25 

21*28*8 

1569*4 

3592 

09-77 

—  1-91 

—  04 

+•05 

2425 

...  ^7 

2 1  23*9 

15-70*0 

3598 

08-50 

-2-5I 

—  04 

+  •05 

24-98 

Feb.  3 

2i-44'5 

I5-75-6 

36-14 

11-98 

-f    -M 

—  04 

4- -05 

24-3» 

4 

21  •62*  I 

1594-6 

3634 

11-65 

+  -31 

~-04 

4-05 

25-01 

6 

20*6 1 -9 

I4-94-6 

3630 

ii-6i 

-f  -06 

—  04 

+  •05 

24*76 

8 

22*04*8 

16*341 

3607 

12-39 

+  *" 

-04 

+  05 

2380 

12 

2i'53-3 

15-92*1 

3623 

10-19 

1-12 

-04 

4-05 

2493 

'3 

21*24*8 

15-60*4 

36-26 

i0'93 

-    67 

—  04 

+•05 

2467 

20 

21*52*0 

15*87-6 

36*15 

10*93 

—  -71 

—  04 

4- -05 

2452 

21 

21*59*6 

15-99-2 

3614 

lo-oo 

-1-83 

—  04 

+•05 

2432 

22 

21*12*2 

iS-49-8 

36-16 

IO-47 

-  -75 

—  06 

4- -05 

2493 

23 

21*11*2 

i5*48-2 

3618 

io*6i 

—  I'OI 

—  04 

4-05 

24-57 
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U.    S.    COAST  AND   GEODETIC    SURVEY. 


GROUP  VI,  PAIR  7. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latil 

N, 

5. 

• 

Mic, 

Level. 

Ref. 

Mer. 

189I. 

t.  d. 

/.  d. 

0     /      // 

f      // 

// 

// 

// 

0      / 

Nov.  19 

15730 

20-65-5 

21    14   29-60 

+*i  54-25 

+  -11 

-f-03 

+  05 

21    16 

21 

i6o6-8 

20-95-2 

2966 

5330 

+  -55 

-f-03 

4-05 

30 

1 7  05  7 

21-^4-8 

2954 

5346 

-i-I-22 

-f-03 

-f-05 

Dec.    I 

i7-6oo 

22-50-7 

29*52 

53«3 

+  *35 

-f-03 

+  05 

5 

1677-5 

21737 

29-62 

55" 

— 1-62 

+  03 

-r-05 

9 

i6o2-3 

21-02-1 

2967 

55-95 

— 2-14 

-fo3 

4- -05 

12 

I6-56-4 

21-50-4 

29-56 

5460 

—   -22 

—  01 

4-05 

15 

i6-90'9 

21-84-7 

2950 

5455 

•28 

+  03 

-r-05 

23 

1 7  •49-2 

22*49*1 

2968 

5597 

—  -9> 

—  09 

+-II 

25 

1706-5 

22-01-8 

29-61 

5490 

— I  05 

— -oi 

4-04 

26 

i6-67"i 

21 -66- 1 

2958 

5576, 

^1-41 

-fo3 

-t--o5 

28 

1 7  03  5 

22-00-6 

2954 

55-32 

— i-io 

+  03 

-r05 

29 

i7'i6-o 

22*14*5 

29*56 

55-64 

—1-59 

+  03 

4-05 

30 

I6-88-0 

21*82*2 

29-57 

54-65 

—  -39 

—•01 

4- -04 

1892. 

Jan.     5 

16-91 -8 

21-79*0 

29*76 

5302 

+  -54 

+  03 

4-05 

6 

I7-I2-5 

22*o6*9 

29*74 

5469 

—  -43 

+  03 

-f*o5 

10 

17-60-8 

22-50-8 

29-64 

53-67 

-1-  -38 

+  03 

4- -05 

12 

16-55-2 

21*49*2 

2966 

5460 

-  -45 

+  03 

-i-*o5 

18 

16-35-6 

21-29-0 

2988 

54-46 

—  -45 

— -01 

+  05 

»9 

16-54-4 

21  •49-6 

29-88 

54*88 

—1*39 

+•03 

4-05 

20 

16-20-2 

21-18-3 

29-87 

55*55 

— I '20 

+  03 

-f-05 

21 

16-36-3 

21*27  9 

29-84 

5404 

-f  -17 

-1-03 

4-05 

23 

16-83-9 

21-68-8 

29-78 

52-49 

-f-i-6i 

+  03 

+  05 

24 

16-20-6 

21-17-7 

2978 

5532 

—1*37 

+  03 

4- -05 

25 

I6-53-5 

21-51-6 

2978 

55-55 

— 1*19 

+  03 

-f-05 

27 

i6-o6-3 

2I-II0 

29-84 

57-08 

—2-54 

+•03 

4-05 

Feb.    3 

16-75-9 

21-65-8 

30.-02 

53*65 

4-  -27 

-fo3 

4-05 

4 

i6-6o-i 

21 -500 

29-98 

5365 

H-  -50 

+•03 

4- -05 

6 

16-01-7 

2090-6 

29-94 

53*42 

-f  *30 

-^o^ 

4- -05 

8 

16-96-5 

21-86-8 

29-92 

53-74 

4-  -37 

+  03 

4-05 

12 

X6-50-7 

21-48-7 

30*10 

55-53 

—1*17 

+•03 

4-05 

13 

I6-57-8 

21-50-0 

30-13 

54*18 

-  -84 

+  03 

4--05 

H 

i6*6x-6 

21-54-8 

30*16 

54-41 

—  -97 

4-03 

4- -05 

20 

I6-63-2 

21*60-4 

3004 

55*34 

—    70 

-f-ii 

-f-06 

.  22 

i6*i8-8 

21-11-5 

3005 

54*30. 

—  -45 

— -OI 

4-05 

23 

l6io-8   21-037 

30-08 

54-35   —  -65 

+•03!  -f-05 

'            i 
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EmlU  from  observations  for  the  variation  of  latitude  at    Waikikij 

Hawaiian  Islands. 


GROUP  VI,  PAIR  8. 


Dste. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

M 

5. 

Mic, 

Level. 

Hef, 

Mer, 

1891. 

f.  d. 

/.  d. 

0     /  '    // 

/     // 

// 

// 

// 

0     /       // 

No?.  19 

23- I I  5 

14*62-2 

21    19  40*28 

—3  '7*o2 

+  -88 

—05 

+  05 

21    1624*14 

31 

2371-4 

1520-3 

40-32 

17-44 

+  1*04 

—  05 

-f-05 

23.92 

n      ^ 

245 1  9 

1601 -2 

40-08 

17-35 

+  1*82 

-?o5 

4-05 

24-55 

Dec.  I 

2377-2 

15-27-9 

4006 

17-02 

-f  I'02 

—05 

-f--o5 

2406 

12 

23-280 

i4'84-3 

40-00 

I5'73 

+  -27 

—05 

-h-05 

2454 

15 

23-48-8 

15-06-4 

3990 

1542 

—  -06 

—05 

4.05 

2442 

23 

23-63-0 

15-22-5 

4004 

1498 

—   *20 

•03 

+•05 

24-88 

25 

23-OI-7 

14-62-8 

3996 

14-61 

—  1*09 

—05 

fo5 

24-26 

26 

23-57  0 

1 5  •20-7 

3992 

14-01 

•88 

—05 

-f--02 

25*00 

28 

^yzz'<^ 

14-97.9 

39'!^ 

mi 

-    98. 

—  13 

-f-06 

•25*08 

29 

23-94*2 

15-557 

39-88 

14-52 

1-18 

—05 

+  •05 

24-18 

0  ^ 
1892. 

Jin.    5 

24*26-6 

15-85-7 

39-88 

1508 

—  -86 

—05 

+  •05 

2394 

2305-5 

14-57-2 

4006 

1679 

+1-31 

—  OS 

+  •05 

2458 

6 

23  67 -7 

15-26-1 

40-04 

15-24 

—  -42 

-05 

+  •05 

24-38 

10 

23-88-7 

15-44-0 

3992 

15*96 

+  -53 

— -13 

-j^-o6 

2442 

II 

23-56-8 

15-14-2 

39-93 

1547 

—   '22 

-03 

+•05 

24-26 

12 

22*49-7 

14-07-0 

39-94 

15-49 

—  ;34 

—05 

-f-05 

24-11 

18 

23-o6-2 

14-64- 1 

40*16 

.    15-35 

—  05 

+■05 

24-28 

20 

23-30-6 

14-90-7 

40*16 

14*84 

—  -85 

—  OS 

+•05 

24-47 

21 

22-40-1 

13-93-8 

40*14 

16*33 

—  -14 

—05 

+  05 

2367 

24 

22-74-8 

14-36-6 

40-08 

14-45 

—1-80 

-05 

4-05 

2383 

25 

22-81-6 

14-42-9 

.  40-08 

14-56 

—1-34 

—05 

+  05 

24-18 

rv   *7 

22*06-9 

1477*3 

40*14 

12-45 

-2-55 

—  05 

+•05 

25-14 

Feb.    3 

22-78-2 

14-29-9 

4034 

16*79 

+  -67 

--05 

+  05 

24-22 

6 

22-90-3 

14-46- 1 

40*28 

15-84 

—  '34 

—05 

+•05 

24-10 

8 

22-84-0 

14.390 

40*28 

16*03 

-|-    '21 

—05 

+-05 

2446 

12 

22-09-5 

i3'67-3 

40*46 

15-38 

—  -28 

—  05 

+.05 

24*80 

13 

22-72-4 

14*29-9 

4050 

15*45 

—  13 

—  05 

+  05 

24-32 

14 

22-70-7 

14-28-8 

4055 

15-31 

— 1-05 

—  05 

4-05 

2419 

20 

2176-5 

I4-30-4 

4048 

16-28 

~  -04 

-05 

+  05 

24-16 

21 

23-35-5 

14-977 

40*48 

14-36 

—1-56 

—  05 

+  05 

24-56 

22 

22-6l'0 

1417-5 

40-50 

15-68 

—    24 

—  05 

4-05 

24-58 

23 

22-86-4 

I4-47-4 

40-52 

14*63  —115 

-05 

-f-05 

2474 
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U.  S.  COAST  AND  GEODETIC  SUKVEY. 


GROUP  VII,  PAIR  I. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitu  de. 

A^. 

S. 

Mic. 

Level, 

* 

Ref. 

Mer: 

1 

189J.   ^ 

/.  d. 

/.  d. 

0     /     // 

/     fi 

ff 

if 

// 

0     /       // 

Dec.  29 

I2-06-9 

23.94.4 

21    II   50.28^ 

+4  35-48 

—  -70 

-f-io 

-f*04 

21    16  25*20 

1892. 

^ 

Jan.     5 

I2-36-8 

24-11.0 

5033 

32-40 

+  171 

-f-ii 

-f-o6 

24-61 

10 

13.88-2 

25*704 

50.12 

3425 

+  -73 

■^•'I 

+  05 

2530 

II 

I27I-4 

24*49.9 

50-11 

33-.39 

+1-43 

-f--o8 

-f-05 

25*06 

12 

12.58-2 

24*40*4 

50-08 

3425 

+  -47 

+  08 

+  05 

2493 

20 

I3-387 

25*17.7^ 

50-26 

33-51 

+  -44 

4- 08 

-f-05 

2434 

23 

12-77*3 

24*50.2 

5018 

32*10 

-I-I-94 

-fo8 

-(-•08 

2438 

24 

13.08-4 

24.97.5 

50*18 

35-85 

—I  08 

+-08 

+•06 

2509 

25 

I2-33-2 

24- 1 8*3 

50*16 

34-92 

—  -oi 

4-11 

4- 06 

25-24 

27 

12-64-6 

24.49.3 

50-20 

3483 

-f  -09 

+  08 

+  05 

2525 

Feb.    2 

1275-8 

24-51*9 

50*44 

3284 

+1*77 

-f-ii 

-f-06 

25-22 

3 

1281-1 

24-56-7 

50-44 

32*72 

+  1*53 

-I--08 

+  05 

2482  \ 

4 

I2-82*2 

24*61 '7 

50-43 

33-63 

+  106 

4-08 

+•05 

25-25      1 

6 

1293-7 

24*67*0. 

50*40 

32-19 

+1-58 

+  08 

+  05 

24-30  — 

8 

I303-5 

24*79*0 

50-40 

32*70 

-fl-27 

4- -08 

-f-05 

2450 

12 

12-90-6 

24-67*2 

50-60 

3295 

+  -50 

4- -08 

-fo5 

24- 1 S 

13 

12-460 

24*26-9 

50-66 

33-95 

-f  -lo 

+•08 

4-05 

2484 

14 

12-63.3 

24.46*1 

50*61 

34-«9 

-f-  -06 

+•08 

-f-o6 

25 -20 

19 

12-85-2 

24-63*5 

50-78 

33-35 

+  -48 

-i-ii 

-fo6 

2478 

20 

12-26*9 

24-04-6 

5079 

33-21 

4-     67 

-f-o8 

-f-06 

24*81 

21 

12-97-3 

2475-5 

50-79 

33-32 

+    -59 

-f-o8 

+  05 

24-83 

23 

12-92-0 

24-73-0 

50-86 

33-97 

-f   -55 

+-19 

1  -08 

2565 

24 

I408-8 

25-80-9 

5042 

31-91 

-1-2*46 

-f-08 

-f-05 

24-92 

26 

i4o8-2 

25-82-9 

5105 

32-5" 

-fi-85 

+•14 

4-03 

25-58 

27 

12*99*2 

2492-8 

51*10 

3690 

298 

+  08 

-f-04 

25-14 

28 

12-57-2 

2417.9 

51-16 

29*26 

H-40I 

-h-08 

4- -05 

24-56 

29 

I3-92-3 

25-74-1 

51*20 

34-16 

—  -37 

1-08 

f-05 

2512 

Mar.    I 

12-69*5 

24*47.5 

51-22 

33-28 

+  -31 

-f-o8 

-fo5 

24-94 

2 

13*62*7 

25-35-5 

5123 

3207 

-fi-55 

-I-08 

+•05 

2498       , 

4 

13*141 

24-90-9 

51-22 

33-00 

+  -95 

-I--08 

-f-05 

2530       1 

5 

13*96*6 

25*78*4 

51*22 

34-16 

—    27 

-f-o8 

-f-05 

2524     / 

9 

12*56*3 

24-25 -6 

5 '-36 

31-26 

-}-i  14 

4-08 

4- -05 

2389   / 

10 

12*32*4 

24-12*6 

51-44 

3379 

+    23 

+•08 

-f-05 

25  59  1 

13 

I3-47-3 

25*22*0 

51*62 

32-51 

-f-  -66 

-f-08 

+-05 

2492  1 

16 

12-93-4 

24-68-4 

51*68 

32-58 

-1-  -63 

-f-08 

+•05 

25-02  » 

19 

13-507 

25-31*8 

5166 

34*00 

—  -31 

-f-ii 

-f-06 

2552 

20 

I2'8o-2 

24-61-6 

51-69 

3407 

~II4 

-f-08 

+•05 

2475 

24 

I2'48-I 

24-22-9 

51-89 

3254 

-f-I-02 

-f-08 

+•05 

25-58 

30 

13-18-0  24-87-5 

52-06 

31-31 

+  1*91 

4-10 

-f*04 

2542 
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*^9^U  from  observations  for  the  variation  of  latitude  at    Waihikij 

Hawaiian  Islands, 


GROUP  VII.  PAIR  2. 


ll>^. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

\          ^t% 

N. 

5. 

Mic. 

Level. 

Ref 

Mer, 

»89i.  1  /.  d. 

/.  d. 

0      /       // 

/      ff 

// 

ff 

ft 

0      /       // 

\tkc.29 

»892. 

1      ¥ 

2i'39-5 

19*28-8 

• 

21    17    14-62 

—0  48*88 

—  1-28 

—•01 

4- OS 

21    16  24-50 

Jin.    5 

20-40*9 

18-14-3 

14-62 

5257 

-hl-9i 

—•01 

4-05 

24*00 

'           6 

2097 -6 

18-76-4 

H-59 

51-32 

+  -82 

—  01 

-f-05 

24-13 

11  1942-8 

17*197 

14-36 

5175 

-f  1-28 

4- -03 

4-04 

23*96 

12   21-41  0 

19-245 

H'34 

50*22 

-  -08 

— -01 

+  -05 

24*08 

18   21-05-1 

18-88-8 

14*50 

50-18 

-f  -52 

—•01 

4-05 

24*88 

20!  21-730 

19-49-2 

14-50 

51-92 

4- 1-50 

—  Of 

4- -05 

24-12 

21 

[  22-65-9 

20*46-6 

14-48 

50-88 

-h  -32 

—  01 

+  •05 

2396 

2 

j  22-292 

20*00-7 

14-42 

53o» 

f3-«5 

—  01 

-h-05 

24-60 

2^ 

^  22-573 

2045-6 

1438 

•      49" 

-    84 

—  01 

4-05 

24-47 

1            2. 

;  22-32-2 

20-17-9 

14-38 

49-72 

—    -21 

—  01 

4- -OS 

24.49 

23 

Feb.  i 

'  22-54-6 

20-35-8 

14.42 

5076 

4-  58 

—  01 

4- -05 

24. 28 

f  22-64-7 

20-388 

14-66 

52-41 

-^-2-40 

— -01 

-i -05 

2469 

^ 

1  22-98-8 

20-77-7 

14*66 

51-29 

-I-I-54 

—  01 

4-05 

24-95 

^ 

/ 

\  22-400 

20-16-9 

14*66 

51-76 

+  1-47 

—  03 

4-05 

2439 

0 

c 

'  22-736 

20*52-6 

^  14-62 

5127 

4-1-23 

—  01 

4-05 

24-62 

8 122-743 

2051-3 

14*62 

5«73 

-fi-53 

—  01 

4  05 

24-46 

12,22-66-3 

20-45-8 

14-82 

51*15 

-V  -85 

—  01 

4-05 

24.56 

'3 

22-46-1 

20*21*4 

14-88 

5213 

4-2-12 

—  01 

4  05 

24.91 

>9 

22-69^0 

20-47*7 

15-04 

51-34 

+     70 

— -01 

4-05 

2444 

20 

22.255 

20*71-9 

15-04 

50-48 

4-  -43 

—  11 

4-08 

24.96 

21 

A4 

2262-2 

20*43*8 

15*04 

50-67 

4-  -75 

—  01 

i--o5 

25-16 

23 

22-12*7 

19.96-2 

15*10 

50-22 

-f   08 

— -oi 

4-05 

2500 

24 
26 

22-45.7 

20*20*5 

15*16 

52-24 

4-1*82 

— -OI 

-f-05 

24-78 

22737 

20*51*4 

15*30 

51-57 

—  -39 

—  01 

^•05 

24-16 

27 
28 

22-66-6 

20-54*5 

15-37 

49-20 

—1*44 

—•01 

f-05 

2477 

2231  •  I 

2014-3 

15-44 

5030 

—  -67 

— -OI 

!  -05 

24-51 

29 

Mar.  I 

22-27-7 

20-o6*6 

15-47 

51-29 

4-  -18 

—•01 

4-05 

2440 

22-50-3 

20-32*4 

15*50 

5055 

—    01 

— -OI 

-r-05 

24-98 

2 

22-233 

20-00-2 

15-52 

51-76 

4-    67 

—  01 

4-05 

2447 

4  22-74-5 

20-57*0 

15*51 

5048 

—    -21 

— -01 

+  05 

24-86 

j         5 1 22-68.5 

20-5 1  9 

15*50 

5025 

—    72 

— -01 

4-05 

24-57 

1         9  22-92-0 

20-70-6 

15-67 

5136 

4-   56 

—  01 

4-05 

24-91 

1       10  22-54-0 

20-28-8 

15-74 

52-29 

4-    76 

— -OI 

4-05 

24-25 

13  22-48-9 

20-27-6 

15-96 

51-34 

4-  -18 

—•Of 

4-05 

24-84 

'i ' 

22-56-2 

20-66*5 

16-00 

5097 

—  -07 

— -01 

4-05 

2500 

/     16  J 

22-60-7 

20-34*9 

l6-02 

5238 

4-1-02 

— -OI 

4-05 

2470 

/        '9  - 

22-I9-5 

19-98-4 

16-02 

51-29 

—  -41 

— -01 

4-05 

24-36 

/        20  : 

22-38-5 

20-22*9 

i6-o6 

50*02 

—108 

~-oi 

4-05 

25-00 

/        21    : 

82*5 1 -0 

20-33-2' 

1608 

50-53 

—  -70 

— 'OI 

4- -05 

2489 

f         24   i 

W58-8 

20*34*8 

16-28 

51*96 

4-  -17 

— -OI 

4-05 

24-53 

29   i 

24-05-2 

21*85*2 

16-48 

51-04 

—  -53 

— 'OI 

4-05 

24-95 

30   i 

22-35-2 

20-17-4 

16-48 

S^'SS 

-   89 

—•01 

+•05 

25-10 

31   : 

12-65-7 

2035-9 

16-48 

53*31 

4-1-63 

—•01 

4- -05 

24.84 

i 
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U.   S.   COAST  AND   GEODETIC   SURVEY. 


GROUP  VII,  PAIR  3. 


Date. 

• 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

u 

N. 

S. 

Mic. 

Level. 

Ref. 

Mer. 

189I. 

t.  d. 

t.  d. 

0     /       // 

f      // 

// 

ff 

tf 

0 

Dec.  29 

I8-447 

18*28*0 

21    16  29-12 

—0  03*87 

-  76 

-f--02 

+  07 

21  1 

1892. 

R 

■ 

Jan.     5 

18-24*4 

17*92-2 

29*10 

07*47 

+208 

•00 

+•07 

6 

i8oi-8 

17-74*2 

29*07 

06*40 

+136 

•00 

+•07 

II 

1777.9 

17*54-2 

2883 

0550 

-f-    88 

;oo 

+•07 

12 

I7-80-2 

i7-57'5 

28*80 

05-27 

-f  *88 

+•04 

-f*o7 

18 

i7-6ii 

17*40-4 

28*94 

04*80 

4-   17 

•00 

-f*o7 

20 

1 7  •66-2 

17*38-2 

28*95 

0650 

-f-i*9i 

•00 

+•07 

21 

i8i6-8 

18*12*2 

2892 

01-07 

340 

•00 

+•07 

23 

17-28-9 

16*997 

28*86 

06-77 

+2*82 

•00 

+  07 

24 

1773*5 

i7-57'3 

28*84 

0376 

-   -58 

•00 

-f*o7 

25 

1732*6 

17160 

■  2882 

0385 

—     50 

•00 

-f-07 

27 

1 7  •38-6 

17*16*8 

28S5 

0506 

+  -23 

•00 

-f-07 

Feb.    2 

1772*9 

17*44*6 

29*08 

06*57 

-f-171 

•00 

+  07 

3 

1 7 -45 -4 

17*22*2 

2907 

0538 

+  -84 

•00 

+  07 

4 

I7-88-0 

17*631 

29*06 

0578 

+113 

•00 

+•07 

6 

i7-69*2 

1744*8 

29*03 

05 -66 

4-    88 

•00 

+  07 

8 

1 7  •99-5 

17.77*8 

29-02 

0503 

4-   58 

•00 

+  07 

12 

1 7  ■30-5 

1710*4 

29-21 

04*66 

-h  -14 

•00 

+•07 

»3 

18080 

1783*0 

29-28 

05  80 

+  -65 

-|--o8 

-j-.io 

19 

i8-29*6 

1804*0 

2942 

0594 

4- 1 -02 

00 

4-07 

20 

i7'83-5 

I7-59-3 

29*41 

05-61 

+055 

•00 

+•07 

24 

i6'92i 

16-67*8 

2953 

0564 

-f  -67 

•00 

-f*o7 

26 

1 7-82*9 

1 7. 60*5 

29*67 

05*20 

+  '33 

■00 

4-07 

27 

i7*6o-8 

17.471 

2973 

0318 

—1*91 

•00 

4-07 

28 

17-95-8 

17.56*6 

29*80 

09*09 

+384 

00 

4-07 

29 

18-40*2 

18*24*1 

29*83 

0374 

-1*46 

00 

4-07 

Mar.    I 

17*62*5 

I7-38-6 

2986 

0554 

+  -24 

•00 

4-07 

2 

18*05*5 

17*84*6 

2987 

0485 

—   "21 

•00 

4-07 

4 

17*61*7 

17-457 

2986 

03*71 

—  1*30 

•00 

4-07 

5 

i7-8o*5 

17*64*8 

29*86 

03-64 

~I*20 

•00 

+•-^7 

9 

17717 

1 7  •46-6 

30-00 

05  82 

+  -41 

00 

4-07 

• 

10 

17.997 

17767 

3008 

0534 

—  -09 

•00 

4-07 

13 

i7'5i-3 

17*23*8 

3029 

0638 

+  -27 

00 

4-07 

14 

17*95*1 

17*75*6 

3032 

04*52 

—1-39 

•00 

4-07 

16 

17*99*6 

1778*4 

3036 

04*92 

—  -55 

—  04 

4-05 

19 

17*79-9 

17*60*3 

3036 

0455 

— 1*19 

*oo 

•00 

20 

18-130 

17.96*9 

3039 

0374 

—2*22 

00 

4-07 

21 

18-02*9 

17*84*5 

30*41 

04*27 

-1-54 

+  04 

-^•05 

24 

1 6*94*  I 

16*73*0 

3058 

0490 

— 1*02 

•00 

fo7 

29 

i7*76-o 

17*55*8 

3079 

04*69 

—117 

+  •02 

4-07 

30 

18-18*2 

18*01*5 

3074 

03*87 

-1*85 

•00 

4-07 

31 

i8*30'9 

18*03*9 

3078 

06*26 

H-  -47 

*oo 

4-07 
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Sesults  fnm  observations  for  the  variation  of  latitude  at   Waikikiy 

Hawaiian  IsUmdn. 


GROUP  VII,  PAIR  4. 


/     Dibt. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

AC 

S, 

• 

Mic. 

Level 

Ref, 

Mer. 

1891. 

/.  i/. 

t  d. 

0      /       // 

/      // 

// 

ff 

// 

0      /       // 

» 

Dec.  29 
1892. 

•  J-n.    5 

22*37X> 

17*39*8 

21    18  20-80 

—1  5534 

—   90 

—•03 

-f'OI 

21    16  24*59 

22*67*9 

i7-55'4 

20*72 

I  58-89 

+  1*82 

--•03 

+  05 

23*67 

6 

22*71*5 

17*60*9 

20*68 

5845 

4-1 -05 

-03 

-i^  -05 

23*30 

II 

21*51*2 

16*42-5 

20-42 

5801    -if  19 

•03 

+  •05 

23-62 

12  {  2I'34*2 

i6'28'9 

20*39 

57-22    -^      58 

—  01 

+  04 

2380 

20 '  19*86*9 

M75-5 

20*50 

58-641  -t-l-42 

-•03 

-fo5 

23-30 

21 

21  ^Z^ 

l6-22*I 

2048 

5838 !-  1-66 

-•03 

+  •05 

23-78 

^3 

2i-6o'6 

16*578 

20*41 

5664  i  —    10 

--03 

-h-05 

2369 

24 

25 

22-02*6 

17*03*0 

20*38 

55  90   —   40 

—  03 

+  .05 

2410 

21  •32-8 

16*34*7 

2036 

55-55 

~  -47 

—07 

-f-05 

24-32 

27 

22'IO*7 

17077 

2038 

5669 

-h    62 

—03 

-h-o5 

2433 

Feb.    2 

21*74*3 

16*67*3 

20*62 

5762 

-H  -50 

-03 

■f-05 

24-52 

3 

21*95*7 

16-88*8 

20*61 

57-59, -f  I  06 

—  03 

4- -05 

24-10 

4 

21*69-3 

16*63*7 

20*60 

57*29 

-f  -64 

•03 

-+-•05 

2397 

6 

21*43*7 

16*38*5 

20*56 

57-20 

-f   61 

•03 

-f-05 

2399 

8 

21*88*3 

i6-83*8 

2056 

57*01 

-fioo 

—•03 

-i -05 

2457 

12 

21*50*9 

16*50*3 

ao*74 

5613 

-f-     Of 

-03 

+  05 

2464 

»3 

2I*57'2 

I6-52-2 

2082 

5715 

4-  -42 

—•-03 

+•05 

24*11 

19 

21  *49*o 

16-44-1 

2098 

5713 

+  -31 

-03 

+  05 

24*18   , 

20 

2I'44'2 

16-40*1 

20*48 

5694 

-f-  -16 

•03 

4-05 

2372 

21 

22*03*0 

1 7  00-5 

2099 

5657 

-f-  -26 

—  03 

+  05 

2470 

23 

22*07*4 

1705-0 

21*05 

5655 

-f-  -26 

—  03 

+  05 

24-78 

24 

20-90*1 

15*89*2 

21*11 

5620 

—  -11 

—  03 

+  05 

24*82 

26 

21*94*1 

1692-1 

21*26 

5646 

—    40 

•03 

-h-05 

24*42 

27 

21*72*4 

i6*79*5 

21*25 

54'35 

—208 

-•03 

+  05 

24-84 

28 

21*37*7 

16*41*2 

21*39 

55i« 

—1-65 

-•03 

+•05 

2458 

It    *9 

22*28*0 

17*26*4 

21-43 

56-36 

—    69 

-03 

+•05 

2440 

Mar    I 

2 1 -44*0 

16-40-7 

21*48 

56-76 

—  '11 

--03 

4-05 

24*63 

2 

21*19*8 

16-14*1 

21-49 

57-31 

+  *o8 

-•03 

+  05 

24- 28 

4 

21*47-7 

16*46*0 

21*50 

5639 

-.46 

•03 

•+•05 

2467 

5 

21*86*4 

16*85*5 

2150 

5620 

-  -56 

—  03 

+  05 

24*76 

9 

21*05-1 

C5-96I 

21*66 

5808 

+  -43 

•03 

+•05 

2403 

10 

22'06'4 

17*01*8 

21*74 

57-06 

—    14 

—  03 

-f-05 

24:56 

«3 

21*88-2 

16*78*5 

21-98 

5824 

H-  -59 

—  11 

-f-o8 

2430 

14 

21*79*5 

16*72*0 

22-03 

57-73 

-f  "23 

—•03 

-f-o5 

24-55 

16 

21*52-5  1  i6'45-5 

22'08 

5762 

+  -27 

—  -03 

-f-05 

2475 

21 

21*89*8 

i6-87*7 

22-16 

5648 

-  -87 

—03 

+■05 

2483 

24 

21*64*8 

16*58-1 

22-36 

57-55 

—    19 

—•03 

-f*o5 

2464 

29 

21*86*4 

16-76-2 

22-62 

5836 

— I '02 

—•03 

4-05 

23*26 

31 

2179-5 

16-66-9 

22-62 

5892 

+  74 

-•03 

-fo5 

2446 
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U.   fl.   COAST  AND   GEODETIC   SURVEY. 


GROUP  VII,  PAIR  5. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitud 

N, 

S. 

Mic. 

LtveL 

Ref. 

Mer. 

189I. 

t,  d. 

t.  d. 

0     /      // 

f      ff 

// 

if 

// 

0      / 

Dec.  29 

16711 

22-IO-6 

21    14  20*60 

-\-2  0516 

—1-71 

+-04 

-}-*o6 

21    16   24 

1892. 

Jan.     5 

i6-30-4 

21-52-8 

2046 

OII9 

+  1*05 

+  04 

-f*o6 

22 

6 

16-545 

21 -82*6 

20-43 

0251 

+  -25 

+•04 

-f*o6 

2; 

II 

i6'40i 

21  •72-0 

20-14 

0339 

—  -19 

-f*04 

-f*o6 

2^ 

12 

I5-93-6 

21-24-4 

20-10 

03-14 

—    10 

-1-04 

-I--06 

2^ 

20 

i6-247 

21-51-7 

2018 

02  26 

-h  -86 

-f-04 

-(-•06 

2j 

21 

i6-207 

21-48-4 

20-16 

0242 

-I-119 

-h*04 

-}--o6 

21 

23 

15-420 

20780 

20-08 

0434 

—  -69 

-J-.04 

-f*o6 

23 

24 

16-48-7 

2 1 -90-3 

20-06 

0564 

—2-24 

-f04 

-f-o6 

21 

25 

15-26-7 

20-65 '9 

20-03 

05-09 

— i-8o 

+  04 

-^  06 

21 

27 

16-45-2 

21-800 

20-04 

0407 

'2% 

4-04 

-^  -06 

2' 

Feb.    2 

16-30-1 

21-60-2 

2025 

02-98 

+  -45 

+  04 

4^-06 

2j 

3 

1 5 '68-0 

20-98-2 

20-24 

03-00 

+  -34 

-f-04 

-|--o6 

21 

4 

15-947 

21-28-0 

20-24 

03-72 

—   -21 

-f-04 

-h-06 

21 

8 

1 5  •330 

21-63-8 

2018 

03-14 

-\-    'lO 

-f-04 

-h-06 

21 

12 

16-46-5 

21-79-8 

20-36 

03-72 

-     85 

4-04 

"f-06 

21 

13 

1 6-45 -8 

21-78-5 

20-44 

03-58 

—    -32 

+•04 

-f-06 

21 

19 

15-91-5 

21-23-2 

20-61 

03-35 

—   -67 

+-X4 

-f-14 

2i 

21 

1 6-65  0 

21-99-8 

20-62 

0407 

— I  02 

-f*04 

-f-o6 

2< 

23 

15-22*2 

20-58-3 

20-68 

0437 

—1-25 

-f*o4 

-f-o6 

21 

24 

16-23-2 

21-58-0 

20-73 

0407 

— o-8o 

+  04 

-f-06 

24 

26 

1 5 -69-8 

21  04-0 

20-88 

0393 

—   99 

-f-04 

-f*o6 

2j 

27 

I6-270 

21-70-1 

20-94 

0599 

—3-27 

-f-04 

-f-o6 

2: 

28 

I5-50-3 

20-93-2 

21-02 

0594 

—3-22 

+  04 

-f*o6 

21 

29 

1600-3 

2I-20-2 

21-06 

00-61 

+1*76 

+  04 

-f*o6 

21 

Mar.     I 

16-56-3 

21-91-7 

21-10 

04-20 

—1*40 

-f-04 

-{-•06 

24 

2 

16-22-2 

21-56-0 

21-12 

0383 

— 1-21 

-f-04 

4- 06 

21 

4 

1555-2 

20-94'2 

2II3 

05*04 

— 2*20 

-f*04 

-f*o6 

24 

5 

1574-4 

21-147 

21-13 

05-34 

—2-35 

-f-04 

+  06 

24 

9 

16-76-6 

22-06-4 

21-30 

02*91 

—   70 

-f*04 

-f*o6 

2: 

10 

1612-5 

21-42-9 

21-38 

0304 

—  *69 

-f-04 

+  06 

2' 

»3 

16-16-3 

21-507 

21-62 

•03-97 

— 1*12 

-f-09 

-f*o6 

24 

14 

i6*36'6 

21-67-7 

21-68 

03*21 

—113 

4-04 

-f-o6 

2J 

16 

15-857 

2II7-I 

21*74 

03-28 

— 1*22 

+  •04 

+  06 

21 

19 

16-41-5 

2177-5 

21-76 

0434 

—2*33 

-f*04 

-f*o6 

2^ 

20 

I5-8I-4 

21-19-0 

21-80 

04-72 

—2-44 

-f-04 

-f-06 

24 

21 

i6i8-o 

21-54-2 

21*82 

04-39 

-1*87 

-f-04 

-f*o6 

24 

24 

1 5 -43-0 

20-76-6 

22*02 

03-79 

—1*63 

+  -04 

4-06 

24 

30 

1608-5 

21-49-3 

22*31 

0546 

—3*35 

—  04 

-f-io 

24 

31 

1571-3 

20-94-3 

22-32 

01 -33 

—    23 

+-04 

-f-06 

21 
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Bmlts  from  observations  for  the  varxationi  of  latitude  at   yfaikiki^ 

Mawaiian  Islands, 


GROUP  VII,  PAIR  6. 


Date. 

Micrometer. 

MeftQ  app. 
Dec. 

Corrections. 

Latitudtb 

AT, 

S. 

• 

Mic, 

Level, 

Rtf. 

Mer, 

1S91. 

t.d. 

td. 

Off/ 

/      ff 

// 

ff 

ff 

0     /       // 

Dec.  29 
1892. 

M    5 

21 -07 -3 

I8-48-7 

21    17    26-23 

—0  5999 

-1*37 

— *02 

+•07 

21    16  24-92 

21-09*4 

18-41-7 

26*00 

— 1    02*I0 

+  71 

— -02 

+•07 

24*66 

6 

21-02*4 

18-31-6 

2595 

02-82 

-fi-00 

— -02 

-f*o7 

24-18 

II 

20*03*9 

17*437 

25-60 

0036 

—  71 

— *02 

+•07 

24-58 

18 

19-76.5 

17-14-6 

25-56 

0076 

—  -13 

— -02 

-f*07 

24-72 

20 

19-92-8 

17-25-6 

2554 

01-99 

-fi*o8 

— -02 

+•07 

2468 

21 

20*23*0 

17*54*2 

2552 

02  36 

+  1*49 

—  -02 

+*o7 

2470 

23 

20*13*7 

17-55-6 

25-44 

—0  5988 

— I  09 

— *02 

+  08 

2453 

24 

29*59*6 

17*06-7 

25-40 

5867 

— 2*o6 

— -02 

-fo7 

2472 

..   *7 

21-64-0 

19*05-8 

2534 

5990 

—   69 

— '02 

+•07 

2480 

Feb,    2 

22*22-6 

19-58*2 

2552 

—I    01  34 

+  '59 

—  02 

+•07 

24-82 

3 

23-86-2 

2X'25'6 

2552 

00-46 

—  -31 

— -02 

+•07 

2480 

4 

23-947 

21*31-3 

2501 

OI'IO 

-f  -60 

— *02 

-f*o7 

24*56 

6 

23-96-8 

21*36*6 

25*46 

00*36 

_  -23 

— *02 

+•07 

24*92 

8 

24-26*0 

21*68*5 

25-44 

-0  5974 

-  -58 

— -02 

+•07 

25-17 

12 

2347 -6 

20*92*1 

25*60 

59*27 

—1-59 

— *02 

+•07 

24*79 

n 

23-61  3 

21*04*7 

25*67 

5953 

— ri9 

—  02 

+  07 

25-00 

20 

23-517 

20*92*5 

^^'ll 

—I  00*13 

—  -73 

— -02 

4-07 

25-06 

21 

23-78-3 

2I'20*8 

.    25*88 

—I  59*74 

—1*27 

— -02 

-f-07 

24*92 

23 

23-55'6 

20.96*1 

25*93 

— I  00*20 

—    68 

—  -02 

+  07 

25-10 

24 

23-45 -6 

20*91*4 

2598 

-0  58*97 

—1*94 

— -02 

-f-07 

25-12 

27 

2402'6 

21*39*1 

26*21 

—I  01-13 

—  '43 

— -02 

-f-07 

24-70 

28 

23-74-5 

21*14*4 

26*32 

—I  00*34 

-    96 

— *02 

-f*o7 

25  07 

u     ^9 

24"29*3 

21*74*1 

2635 

— 0  59*20 

— 2*22 

— -02 

-f-o7 

24-98 

Mar.    I 

23-867 

21*32*0 

26-38 

-0  59*09 

—1-98 

—  02 

+  07 

2536 

2 

23-85-0 

21295 

26*40 

59*27 

—1*81 

— -02 

+  -07 

2537 

4 

23-79*4 

2X*23*2 

26*43 

59*43 

—1*45 

— -02 

+•07 

2560 

5 

23-902 

2I-33S 

26*44 

59*55 

-1*54 

— -02 

+  07 

25-40 

9 

23-94-7 

21307 

2662 

—I  01*24 

—    34 

—  *02 

-f-07 

25*09 

10 

23*640 

21  OI^ 

2670 

0080 

—    99 

—-02 

+  07 

24-96 

13 

24*26' I 

21*64*4 

2697 

00*71 

—  -88 

—  -02 

•00 

2536 

14 

2395  6 

2r3i*8 

27*04 

01*20 

—  -61 

—  02 

-f-07 

25-28 

16 

24*062 

21*46-9 

27*12 

00*15 

—1*62 

— -02 

+  07 

2540 

19 

23-77'2 

2i*i8*8 

27*18 

-0  59*941-1-83 

-f  "02 

-+-05 

25-48 

20 

23-86-3 

21*29*6 

27*22 

5955 

-2*54 

—  02 

+•05 

25-16 

21 

24-31*4 

21*73*1 

27*26 

59*92 

2^04 

—  02 

-f*o7 

2535 

24 

2375*1 

21*14*4 

27*48 

—I  0048 

1^69 

—  00 

+•07 

2538 

29 

23'44*3 

2o*83*9 

27*81 

00*41 

-2*13 

—  02 

-fo7 

2532 

31 

2309*2 

2i'39'3 

27-86 

02*61 

—    '02 

— -02 

-f'07 

25  28 
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U.   8.   COAST  AND   GEODETIC   SURVEY. 


GROUP  VII,  PAIR  7. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Correctioas. 

Lati 

N, 

S. 

Mic. 

Level. 

Ref. 

Afer, 

J89I. 

t,  d. 

/.  d. 

0     /      // 

/      // 

// 

// 

// 

0      / 

Dec.  29 

2495 "9    I4-42-5 

21   20  29-27 

—4  04*37 

•60 

—•07 

.+•05 

21    16 

1892 

( 

Jan.     5 

24-65 -6 

14*00-6 

2894 

07-06 

-fl-82 

—  07 

+  05 

6 

2474-6 

1408*5 

28-90 

0732 

+  1-89 

—  07 

+  •05 

II 

23-670  1  i3-o87 

2848 

05-51 

-fi-51 

-•07 

+-05 

20 

2409*5    13*48*2 

2838 

06-21 

4-2-07 

~-o7 

+  05 

24 

23737 

13*24*9 

2818 

^yi^ 

•28 

~-o7 

+  05 

25 

23*8o*8 

13*27  0 

2816 

04*47 

+  -27 

—•07 

4-05 

Feb.    2 

23*44-0 

12-85-8 

2830 

05*49 

4-2-15 

—  07 

+•05 

3 

24-33'8 

13-771 

28  29 

05*14 

-f-i-6i 

—07 

+•05 

4 

23-96-3 

13-37-6 

28*28 

05-6oj-f-i-74 

—  07 

-f-05 

8 

2435 -4 

i3*78-2 

28*20 

0525    -t-119 

—  07 

+  05 

i           12 

24*03*6 

1 3  •48-8 

28*35 

0470   -^  73 

—  07 

+-05 

i        13 

2415*2 

i3*6i*o 

28*42 

0456 

f  -47 

—  07 

+  05 

19 

23-88*9 

I3-30-3 

28*64 

05*58 

-f-i-24 

—  10 

-fo6 

20 

23*82-4 

13-277 

2864 

0467 

+  -25 

-07 

+  05 

23 

23*52-9 

13-02-7 

28-70 

03-63 

-  15 

—  07 

-f-05 

24 

23-46-7 

12*96-4 

28-76 

0365 

—  -19 

—•07 

+  05 

27 

23-86-6 

i3*23-4 

28-98 

0665 

-1-2*41 

— -07 

+•05 

28 

24*02*2 

1 3*47 -4 

29-06 

04*70 

+  -39 

— -07 

+•05 

29 

23-81-2 

13*28-0 

29-12 

0433 

—   24 

—  07 

+  05 

Mar.    I 

23*66-3 

13-12*3 

29*18 

04*51 

—  -lo 

—  07 

+  05 

2 

24-02-0 

13491 

29-22 

04-26 

—  -49 

—  07 

-f-o5 

■*■ 

4 

24*02*2 

I3-53-3 

29*25 

0333 

r28 

—  07 

4  05 

5 

24*04*4 

13547 

29*26 

0351 

--  -97 

—  07 

4-05 

9 

23*941 

>3-39*4 

29-45 

04*67 

—   32 

—  07 

4-05 

10 

24*08-1 

I3-54-5 

29*54 

04-42 

—    16 

—  07 

+  05 

13 

24*07-4 

1 3*47  9 

29*83 

0579 

+  -17 

—  03 

4- -04 

14 

2402*7 

I3'47*3 

29*91 

04*84 

—   32 

—  07 

4-05 

16 

24-20-7 

13*63- 1 

3002 

05-35 

—   *2I 

—  07 

4- -05 

20 

23-87*3 

I3-350 

3014 

04*12 

—  1-39 

+  04 

4-08 

21 

23*83-2 

I3'30*3 

30-18 

04*26 

—  1*12 

—•II 

4-04 

24 

24-09*  I 

I3*52*9 

30*42 

05-02 

-    -25 

—-07 

+  05 

29 

24'44-i 

I3*9ii 

30-80 

04*  28 

—1*47 

—  07 

4- -05 

31 

23-82-5 

13-20*9 

30-87 

0628 

+  -67 

— -07 

4-05 
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BmiU  from  observations  for  the  variation  of  latitude  at   Waikiki, 

Hawaiian  Islands. 

GROUP  VII,  PAIR  8. 


1  Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

iV. 

S. 

Mic. 

Level. 

He/, 

Mer. 

I89I. 

/.  ^. 

t.  d. 

0     /     // 

/      // 

.// 

// 

ff 

0      /      // 

Dec.  29 
1892. 

17-21-9 

20-46-2 

21    15    13*18 

+1  15-23 

— 3'9i 

+•04 

4-04 

21    16  24-58 

I9-I7-2  i  22-I2-4 

12*80 

0848 

4-2*14 

-f-02 

4-05 

2349 

6 

19*44*6  1  22*40-4 

12*74 

0862 

-f-2-i8 

4- -02 

4-05 

23-61 

II 

18-82*1  I2I-89-I 

12-30 

II>22 

4-  89 

4-02 

4-05 

2448 

18 1 18-35 '4    21-46-6 

12-14 

12-19 

+  48 

-f-02 

4-05 

2488 

2o;i8-45i  :  21 -46-6 

I2-II 

09.94 

+175 

-j-02 

+  •05 

2387 

23   18-077'  21 -17-3 

11-98 

11-82 

-f-     21 

-f  *02 

-h-05 

24-08 

24*18-34-7    2I-47-3 

11-92 

12*52 

-     38 

-f -02 

4-05 

24*13 

r.    '5 

18-16-I     21-29-8 

11-87 

12-77 

-f-     04 

4-02 

4-05 

2475 

Feb.  2 

18-19-6  1  21  ^O^ 

11-95 

0976 

-f-2-49 

4-02 

4-05 

2427 

3 

17-90*8  ,  20-96*2 

11-94 

1085 

-fi*7o 

4- -02 

4-05 

24-56 

4 

18-45-6 

2I-52-6 

11-94 

11-22 

+123 

4- -02 

+  •05 

24-46 

8 

1 8*34-6 

21-41*4 

11*84 

11*17 

-fi-3> 

4-02 

+  05 

2439 

12 

i8-ii*7 

21*20-3 

11-98 

11-59 

+  -44 

4- -02 

4-05 

24*08 

»3 

18-9Q-4 

22-07*4 

1204 

1145 

+  -51 

4- -02 

4- -05 

24-07 

20 

i8-8o*6 

21-88-0 

12-28 

11*31 

4-  -60 

4-02 

4-05 

24*26 

23 

1862-1 

21-71-2 

1233 

11*71 

-f    63 

-f--02 

4-05 

2474 

24 

18-25-2 

21  32-7 

12-38 

11-34 

-f  -78 

4- -02 

-r05 

24-57 

27 

18-55-9'  21-56-0 

12*61 

0962 

+230 

4- -02 

4-05 

24*60 

28 

17-97-4  ■  21-04-1 

12-69 

11-15 

-h  -52 

4- -02 

4-*o5 

2443 

L  ^ 

18-15-3 

21-27-3 

12-75 

12-38 

-   36 

4- '02 

+•05 

2484 

Mir.  I 

18-42-6 

2X-50-0 

12-82 

11-31 

+  -53 

4- -02 

4-05 

2453 

2 

1 8*49' I 

21-58*9 

12-85 

11-87 

—  -33 

4- -02 

4- OS 

24*46 

5    1 7 -62-6 

20-76*3 

12-90 

12-77 

—  -90 

4- -02 

4-05 

2484 

9 

i8-33'9 

21-41*5 

13*10 

11*36 

—  -26 

— -02 

4-04 

24-22 

10 

17-99*0:  2I-06-I 

13-20 

11-24 

4-   -26 

4-02 

4-05 

24-77 

«3 

*8-33'3   21*36*8 

13-60 

10-41 

-f  -32 

4- -02 

4-05 

2440 

H 

17*92*2 

20-99*8 

1375 

11*36 

—  -12 

4- -02 

+  05 

25-06 

i          '^ 

18*1 1*2 

2i*i6*3 

13*70 

10*78 

-f-  -02 

4- -02 

+•05 

24-57 

21 

I8-55-6 

21*65*6 

13*90 

11*92 

— i-ii 

4-*02 

4-05 

2478 

24 

l8*22*9 

21*27*4 

14-14 

10*64 

""  '^l 

4- -02 

+•05 

2448 

29 

1 8-27 'O 

21-337 

14*56 

II-I5 

—1-08 

4- 02 

-1-05 

2470 

31   I8-53-8 

21*50*6 

14-64 

08-85 

+  -85 

—  06 

4- -07 

2435 
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U.   S.    COAST   AND    GEODETIC   SUEVEY. 


GROUP  VIII,  PAIR  I. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

L 

N. 

S. 

Mic, 

LeveL 

Ref, 

Mer. 

1892. 

t.  d. 

/.  d. 

0      /"      // 

/      ff 

if 

// 

ff 

0 

Feb.    3 

23-34*0 

24-64-3 

21    15   52-92 

+0  30-23 

+  -65 

4-01 

+  05 

21 

8 

23-80-5 

25-18-2 

52-74 

31-94 

•80 

+  01 

-f-05 

12 

23'87-9 

25-25-4 

52-77 

3190 

—  -74 

-f-oi 

4-05 

21 

2477-6 

2617-5 

5304 

3245 

—  -47 

+•01 

4-05 

23 

23707 

25-09-7 

53-07 

3225 

— 1-16 

-f-oi 

+  ■05 

27 

23-967 

2525-8 

53-30 

29*95 

-f  -81 

+  01 

4-05 

28 

2376-8 

25-16-7 

53-38 

3245 

—1*27 

-foi 

4- -05 

29 

23-49I 

2490-4 

53-46 

3278 

—203 

-f-oi 

4-05 

Mar.    2 

23-97-6 

25-36-7 

5357 

.32-27 

-  -98 

-i-oi 

4- -05 

5 

22*997 

24'45-3 

5364 

33-78 

258 

-foi 

+•05 

8 

22-87-2 

24-20*0 

53-75 

30-81 

—  -11 

-f-oi 

+•07 

9 

23-97-9 

25-34-4 

5384 

31*67 

-    85 

+  01 

4-05 

10 

2345 -8 

24-80-1 

5392 

31-16 

•82 

-f-oi 

4-05 

13 

23-53-4 

24-91-6 

5424 

3206 

—1-63 

4- -04 

-h-o6 

14 

23-687 

25-05-0 

54-35 

31-62 

—1-45 

-r-oi 

4-05 

16 

23-590 

24*92-8 

5450 

3104 

—1-57 

-I-04 

-J--06 

21 

23-58-2 

24-94-6 

5476 

31-64 

—1-70 

+  01 

-05 

23 

23-56I 

24-91-5 

54-91 

31 -41 

1-68 

4-01 

-r-07 

24 

23-41 -2 

24-749 

55-01 

31-02 

-138 

4-01 

4-05 

29 

24- 162 

25-52-3 

55-54 

31*57 

— 211 

—  07 

Ar-oi 

30 

23-77-8 

25-i5'4 

-  55*60 

31-92 

—2*79 

4-01 

-f-05 

3» 

23-66-5 

24-94-5 

55-66 

29*69 

-  -65 

4-01 

^•05 

Apr.    6 

24-39-2 

25'65-3 

56*04 

29-25 

—  -90 

-1-03 

4-06 

9 

2404-5 

25-29*8 

56*42 

29-07 

—  -17. 

4-01 

4-05 

10 

24-27-7 

25-55-3 

5654 

29-60 

—  1-06 

4-01 

+  05 

15 

23-79*0 

2504-8 

5692 

29*18 

— 216 

—  07 

4-07 

16 

24-60-4 

25*801 

56-97 

27*77 

—   42 

-l-oi 

4-05 

17 

24-37-I 

25-44-7 

5702 

24-96 

4-2-27 

—  03 

4-04 

19 

24-68-3 

25*88*2 

57-18 

27*81 

—  -62 

4--01 

4-05 

20 

24-69-7 

25-91-1 

57-28 

28-16 

— f  12 

4-01 

4- -05 

21 

25  08-9 

26-31-7 

57-38 

28-49 

—  -97 

4--OI 

+•05 

23 

23-81-6 

2500-8 

57-60 

27  65 

—  -72 

4.-OI 

+•05 

24 

2375-4 

24-909 

57-70 

26-79 

+  •>7 

4. -01 

4-05 

25 

24-16-7 

25  ^So 

57-80 

28*14 

-1-57 

4-01 

4- -05 

29 

24-340 

25-473 

5798 

26*28 

-f    04 

4-01 

+•05 

May    2 

24-60-9 

25-81-0 

58-13 

27-86 

— I  20 

4--OI 

4-05 

4 

24-63-4 

25-86-6 

58-31 

28-58 

—2*49 

4--OI 

4-05 

5 

24-79-5 

25-98-0 

58-42 

27-49 

—1-63 

4--OI 

4-05 

6 

23-480 

24-58-9 

5853 

2573 

+  -24 

4- 01 

-f;o5 

9 

24-60-8 

25-71-9 

58*80 

2577 

•00 

4-01 

-f:o5 

10 

24777 

25-89-7 

58-86 

25-98 

—    40 

-f*OI 

4-05 

II 

25-20-7 

26-35-1 

58*90 

26*54 

—  -31 

4-01 

4- -07 

15 

24-48-0 

25-65-2 

5903 

2719 

—    40 

+•01 

4-01 
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RenlU  from  observations  for  the  variation  of  latitude  at  Waikiki^ 

Saieaiian  Islands. 

GROUP  VIII,  PAIR  2. 


Date. 

1 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

JV. 

S. 

Mic. 

Level. 

^C 

f,      Mer. 

1892. 

/.  d. 

t.  d. 

0     /       // 

/      ff 

if 

// 

ff 

0      /       // 

Feb.    3 

rio'3 

28-86-5 

21  07  58-23 

+8  2484 

+  -9" 

\' 

15     4-05 

21    16   24*18 

8 

7'IO-2 

2893-7 

5802 

2654 

-h  -13 

+  • 

15     +05 

2489 

12 

6-927 

28-8oo 

5803 

27-42 

—1*47 

-f' 

15    -f*o5 

24-18 

21 

7-09-2 

28-92-9 

5826 

2658 

—  '49 

+' 

19    +04 

24-58 

23 

6-81-8 

28-65-7 

58-28 

2663 

—    76 

+ 

15    -|-'05 

24*35 

27 

7-17-2 

28-946 

58*50 

25-12 

+    50 

15    +05 

2432 

28 

7II-3 

28-96-4 

5857 

26-91 

—  -92 

+• 

15    -f-o5 

2476 

w     ^9 

7*24' I 

29-15*1 

5865 

2828 

—1-99 

+• 

15    +-05 

2514 

Mar.    2 

7-14-2 

29-01*8 

5876 

27*49 

1-66 

+ 

-15    -f*o5 

2479 

.      5 

7-18-5 

29-10-1 

5883 

28-42 

—2-65 

+ 

15    +05 

24*80 

8 

6-94-9 

2879-1 

5894 

26-70 

—1-04 

+ 

15    4-05 

2480 

9 

6'72-2 

^•53'5 

59-02 

2603 

-    67 

+• 

15    -fo5 

2458 

10 

7-097 

28947 

59*09 

2689 

— 1*50 

+  ' 

15    +05 

2468 

»3 

7-69-0 

28-47-2 

59*42 

25*3" 

—  -74 

-f 

04    -fo8 

2411 

14 

7-65S 

29-47*2 

59*52 

26*12 

— 116 

+ 

15    -ho5 

24-68 

23 

6-81.2 

28-58"6 

OO-IO 

2512 

—1-36 

-f' 

15    +05 

24-06 

24 

6-94*5 

2876-4 

00-20 

26-17 

—1-71 

+' 

15    4-05 

24?6 

29 

7-00*1 

28-71-6 

00-74 

23*75 

—  -11 

+• 

15    -h-05 

2458 

30 

7-00-6 

28-71-3 

'   0080 

23*57 

—  -11 

+• 

15    +-05 

24-46 

,      31 

7-39-5 

29-1 1 '7 

0087 

2392 

—  -33 

-f' 

15    +05 

24*66 

Apr.    6 

8-50-9 

29-23*7 

01-28 

24-06 

-  -78 

+ 

15    -fo7 

2478 

9 

7-23-1 

28-97*2 

01-66 

24-36 

— 1-43 

+ 

15    +05 

2479 

14 

7II-8 

28-849 

02-14 

24*12 

1-68 

+' 

•15    +05 

2478 

»7 

7-o3i 

28-77*4 

02-32 

2440 

—2*48 

+ 

15    +05 

2444 

'9 

7-61-8 

29-3«7 

02*48 

23*38 

-115 

-f* 

15    +05 

24*91 

23 

7.40-0 

2905-8 

02-92 

22-43 

— I  00 

-f 

15    -h-o5 

2455 

24 

7-277 

28-91-8 

0302 

22*04 

-    78 

-f 

15    -ho5 

24-48 

25 

7*297 

28-97*6 

03-I2 

22-92 

-138 

+ 

15    +05 

2486 

u     ^ 

7*32*9 

28-96*3 

0334 

21*88 

•88 

+ 

15    +05 

2454 

May    2 

7-506 

29-12*4 

0350 

21-50 

•18 

-f' 

15    4-05 

25  02 

4 

7-48-1 

29-2(ro 

0370 

23*85 

— 337 

+' 

15    +05 

2438 

5 

7-28-2 

28-93*0 

0380 

22*20 

— 1-64 

H- 

15    +05 

2456 

6 

7-670 

29-27*1 

03*92 

21*11 

-  -45 

+ 

•15    -f-05 

24*78 

9 

7.12-9 

28-71*0 

04*22 

20-65 

—    "20 

+ 

15    4-05 

2487 

10 

7-53-6 

29-11*3 

04*28 

20*55 

-     46 

4- 

15    -fo5 

24*57 

II 

7-25-3 

28-80*9 

0434 

19-95 

+    -04 

+ 

15    +05 

2453 

14 

7-53-2 

29-13*2 

0446 

21-09 

—  -73 

4- 

15    +05 

2502 

«5 

7-40-8 

28-96-2 

04*50 

20-02 

—   -22 

+ 

■15    +05 

2450 

18 

rSS'2 

29-09-5 

• 

04*70 

1977 

-f  -17 

+ 

15    +05 

2484 
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U.   S.    C0A8T   AND    GEODETIC    SURVEY. 


GROUP  VIII,  PAIR  3. 


1 

Date. 

Micrometer. 

Mean  app. 

Corrections. 

La 

JV. 

5. 

^ 

Mic, 

Level. 

Ref. 

Mer, 

1892. 

t.  d. 

/.  d. 

e         /            // 

r      // 

// 

/> 

// 

0     y 

Feb.    z 

20-54*9 

M'97-5 

21    18   33*06 

—2  09*31 

-fl-19 

—04 

+•05 

21   1 

12 

,2i-64-4 

16-14-2 

3282 

07*64 

—  -19 

—  04 

+•05 

21 

21*  704 

16-19-7 

3304 

07-75 

00 

—  04 

+  05 

23 

21-677 

16-15-3 

3304 

0815 

—  -13 

—  04 

-f-05 

^ 

21 '64-1 

16-04-2 

3324 

09-89 

-4-1*50 

—-OA 

+•05 

28 

22'25'4 

16*75-5 

3332 

0757 

—  -47 

—  04 

-f-05 

29 

22'26-7 

16-83-0 

33*39 

0613 

—1*73 

•00 

-f*o6 

Mar.    2 

21*42-2 

15-90*7 

3350 

07-94 

—   60 

•04 

-t-05 

5 

2I-55-4 

16-09-8 

33*57 

06-57 

—  1*44 

—•04 

4-05 

8 

21*62-5 

16-10*1 

33*66 

08-15 

*i6 

—  04 

+•05 

9 

2I76-9 

16*23-2 

33*74 

08-45 

+  -13 

— -00 

-f-o6 

10 

21 -460 

I5-94-4 

33*82 

07*96 

—  -49 

—•04 

+  05 

U 

22'2r7 

16-64*5 

34-14 

09-26 

-f  *i6 

—  04 

-f*o6 

23 

21-88-4 

i6*34-5 

34'8i 

08*50 

— i*o6 

—  04 

-fo5 

24 

21-91-9 

16*36*9 

34-91 

08-75 

—1*08 

—•04 

-f-o5 

29 

22-06-1 

16-45*0 

35*44 

10-17 

-h  •«9 

—•04 

4-05 

30 

2I-53-2 

15-91-5 

35*51 

10*31 

—  -II 

—■01 

-fo6 

31 

22*24*5 

16-65*0 

35*58 

09-80 

•24 

—  04 

-h-05 

Apr.    9 

21*64*6 

1 60 1 -4 

Z(>'l^ 

10-65 

-  -35 

•06 

-f'04 

14 

21*50-6 

15-85*6 

36-85 

11-07 

—  -42 

—  04 

-f-05 

17 

22-28- X 

16-550 

37-02 

12*95 

-i-M5 

—  04 

-f-o5 

18 

2I-50'I 

15-770 

37-10 

12*95 

+  -75 

— -oi 

-f*o6 

19 

22- 1 3-3 

16*45-2 

37*18 

11*79 

•06 

—•04 

-f-05 

20 

22-85-5 

17*19*2 

3728 

"•37 

18 

— *I2 

4--07 

21 

21*71-0 

i6-oi*5 

37-39 

12*12 

—  -26 

— *09 

+  09 

23 

21*57*4 

15-877 

37-62 

12*16 

-  -35 

—  04 

-f-05 

24 

2174-8 

1 6-01 -9 

27-73 

12*90 

-f  *o8 

— *04 

.f-05 

25 

22-05*6 

I6-37-6 

37*^1 

11*77 

-  -89 

—•04 

4-05 

29 

21-82-7 

16-07-0 

38*06 

13*55 

-f-    -21 

^•04 

-f  *oo 

May    I 

22-03-1 

16-30-6 

38-15 

12*81 

—     15 

— *a4 

-f*o5 

2 

22-248 

16-45*7 

38*22 

14-34 

+  -59 

— 'Ol 

-f*o6 

4 

21-63-2 

16-99*4 

38*40 

IO-79 

—2-26 

—  04 

4--05 

5 

22-22*4 

16-52-5 

38-52 

1 2*2 1 

—  -97 

^-04 

4- -05 

6 

22*20-3 

i6*45*3 

3<V63 

»3*39 

-1-  -17 

—  04 

4- -05 

10 

22*26-0 

16*48-2 

39*01 

14-04 

-f  -25 

-*04 

4--05 

— 

II 

21*50*2 

15-710 

39*06 

14-36 

•f  -17 

— -02 

4--05 

14 

21*85-6 

16*05-9 

39*18 

14-48 

-f  -26 

—  04 

4--05 

15 

22*08-0 

16*29-5 

39*22 

14*20 

+  -51 

—  04 

4-05 

18 

22*827 

16-98-9 

39-42 

15-43 

4-1*44 

—  04 

1 

4--05 
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ReiulUfrom  observations  fyr  the  variation  of  latitude  at    Waikikiy 

■  Juawaiian  Islands. 


GROUP  VIII,  PAIR  4. 


D^te. 


Micrometer. 


Mean  app. 
Dec. 


Corrections. 


Latitude. 


1892. 
Feb.  3 

8 

12 

21 

27 
28 

29 
Mar.  2 

5 
8 

9 
10 

n 

21 

23 
k 
29 
30 

,     3' 

Apr.  6 

9 
»3 
»4 

»7 
18 

»9 
20 

23 

24 

25 
May   I  I 

2 

4 

5 
6 

7 

9 
II 

14 

»5 

18 

22 
23 


a: 
/.  d, 

8-23-3 
9*20*9 
8'66-8 
8-47-6 
8-38-8 
8-91-6 
8-51-6 

7-955 
8-595 

9'537 

8-31 -8 
8-98-8 

9-29'7 
8*4M 
8- 16-0 
8-oi'C 

8- 18-4 
8-09-8 

9*9i-i 
8-495 

9*1 7-0 

?'397 
8-74-9 

8-83-, 

<*'976 

^•29-8 

S*5o-8 

9'  i8-6 
8-94.4 

9'Co-3 

^*48-9 
^-20-6 
8-50^5 

^'387 
9-057 
8-50.9 
8-57., 
9*251 


s. 

t.  d, 
24-88-0 
25-90-3 

25-37-3 

25*21*9 
25*04*8 
25*62*4 
25  28*7 
24*66*9 

25*36*9 

26*29-5 
25*05*0 
25*69-1 
25*96*0 
25*18*7 
24*86*9 

24*70*5 

24-80*1 

24737 

26*50*5 
25*10*7 

25*79*0 
25*11*5 
24*98*8 

25*29-6 
25*38*1 
25*46*6 
26-03*9 
25*50*7 
24*81*0 

25*05*5 

25*70*2 
25*42*2 

25*46*5 

26*03*9 

25*65*6 
25*01*0 

24737 

25-45-5 
24*84*0 
25.497 

24*89*6 
24*97*7 
25*74*0 


o       /  // 

21   09  56*68 

5643 
5636 

5653 
56*70 

56*76 

5684 
5694 
57*00 
5708 

57*13 

57*22 

5754 

57-57 
58*21 

58-31 
5886 

58-93 
59*00 

5942 

59-80 

10  00-26 

00-33 
00*52 
00*60 
00-68 
00*78 
01*15 
01*27 
01*37 

0174 
oi*8i 

02'00 

02*11 
02*24 
02*37 
02*58 
02*73 
02*86 

02*90 

03-13 

03*50 

0358 


Mii. 
/     // 


+6 


26*18 
2728 

27-53 
28*41 

26*49 
27*60 

29*06 

27*74 

2913 

18-76 

28*16 

27*48 

26*56 

29*18 

27*62 

27*18 

2549 
26-00 

24-96 

25-37 
25*56 

24*10 

24-89 
2386 

2393 

23-77 

2475 

23-49 
23*05 

23*98 

2315 

2226 

21*89 

2393 

2I'6l 

22-89 

21*85 

21-50 
21*68 
21-38 
20*15 

20*59 
22*52 


Levei, 
-fl-50 

H-  -84 

+  -3« 

—  *30 
+  1*67 

-h  -17 
—1*41 

—  46 
— 1*26 

—  -95 

—  -32 

—  28 

-|-  -lo 

— 2*11 
— 1*20 

—  -90 

-h   40 

—  19 
-f  -67 

-f-   *I2 

-31 
*IO 

•19 

•40 

19 

05 

•74 
*I2 

•70 

•60 

—  Ill 


-f 

-V 


+ 


+ 


-84 

-37 

•02 

-39 
•18 


+  07 

+1-35 
+  76 
-•69 


Ref, 

Mer. 

// 

// 

-f 

12 

-fo5 

-f 

■12 

+•05 

-f 

■12 

4-05 

-f 

12      4-05 

-f 

12      4-05 

-h 

12!    +05 

+• 

12 

-fo5 

+' 

12 

-fo5 

+• 

■12 

4-05 

-f 

■12 

-h05 

4- 

12 

^05 

-h" 

12 

-r-05 

-f' 

12 

4-05 

■i-' 

08 

4-05 

-f 

12 

4--05 

-1- 

12 

4-05 

-h' 

12 

4-05 

-r 

12 

4-05 

+ 

12 

4-05 

+ 

06 

+  08 

-h 

12 

4-05 

+■ 

12 

4-05 

-f 

12 

4-05 

+• 

12 

4-05 

-r' 

■12 

4-05 

-h 

12 

4-'05 

-\- 

■12 

+  05 

+ 

12 

+  05 

■f 

12 

+  05 

-f- 

12 

4-05 

+ 

■12 

4^05 

-r 

■12 

+  05 

-f' 

12 

-h-o5 

-f 

H 

4-05 

-f 

■12 

4-05 

12 

4-05 

+ 

10 

4-05 

+ 

■12 

4--05 

-1- 

12 

4-05 

-f 

■12 

4-05 

-f 

12 

4-05 

+ 

12 

4-05 

-f 

■12 

4- OS 

21  16 


it 

24-53 
24-72 

2437 

24*81 
25*03 
24*70 

24*66 

24-39 
25*04 

25-06 

25*14 
24-59 

24-37 
24-77 

2480 
24*76 
24*92 

24*91 

24*80 

24*68 

25*05 

24-65 
25*08 

24-65 
2503 

24*81 
25-30 

24*62 

2444 
24*78 
2494 
2494 

24*66 
25*12 

24*86 

25*06 

24-56 

2479 

2453 
24*52 

24*80 
25-02 

25*58 
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U.   S.   COAST  AND   GEODETIC   SURVEY. 


GROUP  VIII,  PAIR  5. 


Date. 

Micrometer. 

Meen  app. 
Dec 

Corrections. 

L 

JV. 

5: 

Mk, 

Level. 

Ref. 

Mer. 

1892. 

/.    ^. 

/.  d. 

0     /       // 

/     // 

// 

ft 

// 

• 

FeD.     3 

23-34'2 

1370-3 

21   20  07-75 

—3  43*6i 

+  96 

—  07 

+•05 

21    ] 

8 

23-86-3 

14-18*0 

07-46 

44*63 

+I-7I 

— -07 

+■05 

12 

23-58I 

I3-93-9 

0737 

43-68 

+  1-02 

—  07 

+•05 

21 

23-840 

14-23-7 

07-51 

42-78 

+   -U 

—  09 

-h-05 

23 

23-57-8 

13-97.6 

07-48 

42-75 

-29 

— *o5 

+  05 

27 

2378*2 

14*11-1 

0764 

44*35 

-fl-49 

—•07 

-h*o5 

28 

23-660 

14- 10.5 

07-70 

41-66 

—0-96 

—  07 

+•05 

29 

23'67-3 

14- 1 1-7 

07*78 

41-68 

— I-I3 

—15 

-f*o8 

Mar.     2 

23'38*3 

1381-3 

07-89 

42-01 

—  •75 

— -07 

+•05 

5 

24-05-4 

14-48-1 

07-96 

42-08 

— 1-04 

— -07 

-f-o5 

9 

22*68*4 

13-05-9 

0808 

43-29 

+  -19 

— -07 

-+-•05 

10 

24-57-5 

14-94-6 

08-17 

4338 

—  -41 

—07 

-f-05 

»3 

23-52-8 

13-91-1 

08-49 

43*»o 

—   24 

—  09 

4--05 

21 

23'36o 

13-81-6 

09-05 

41-41 

—2*38 

— -II 

4-04 

23 

23*68'9 

14-08*2 

09-20 

42-87 

—1*39 

—07 

-fo5 

24 

23-82-3 

I4'22-I 

09-29 

4275 

1*75 

—  07 

4-05 

29 

24-337 

»3-59-3 

09-86 

4605 

+  -62 

—•07 

4-05 

30 

23-80-8 

14-06-6 

09-95 

46-00 

+  -43 

—  07 

-fo5 

31 

23-31-0 

13-60-0 

10-03 

45-26 

+  -45 

—-07 

4-05 

• 

Apr.    6 

23-44-6 

14-72-4 

10-47 

45*53 

—  -11 

— -11 

+•04 

9 

23-60-4 

13-89-0 

10*87 

45*35 

—  -31 

—09 

4--05 

14 

23-87-1 

14- 10- 1 

"•45 

46-65 

—  -32 

— -07 

-f-o5 

15 

23-36-0 

13*597 

11-52 

4649 

+  •04 

— -12 

-f-09 

16 

23.317 

I3-57-2 

11-58 

46-07 

—  -70 

—07 

4-05 

18 

23-06-2 

13-27-0 

"74 

47-16 

+  -65 

—  15 

4-08 

19 

2375-5 

I3-95-4 

11-83 

47*37 

—  -06 

—  07 

4--05 

23 

23-70-2 

»3-93-9 

12-32 

46*49 

—  -27 

—-07 

4-05 

24 

23-35-2 

13-54*0 

12*46 

47*62 

—  -07 

—07 

-|-*o5 

25 

2346-7 

13*68-5 

12*56 

4693 

—  -60 

—  07 

-f-o5 

May    2 

23-56-9 

13*71*8 

13-06 

4853 

+  -15 

—  07 

4- -05 

4 

23-48-2 

I3-54-4 

13-26 

5055 

+1-99 

—  07 

4- -05 

5 

23-83-9 

14-04-2 

13-39 

47-27 

— 1-24 

— -07 

-|-*o5 

9 

23-71-6 

1 3*80-3 

14-07 

51*08 

-fi-24 

—  07 

4- -05 

14 

2358-4 

13*66*5 

14-23 

50-11 

+  *32 

—  04 

4-06 

18 

23-36-6 

I3-39-8 

14*53 

51-24 

+1*59 

—  07 

4-*os 

22 

23-59-0 

13.70-2 

14.94 

49*39 

—097 

—07 

4--OS 

23 

23-33-4 

13-46-7 

15-02 

4890 

—107 

—  07 

4--05 
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Sesuitt  from  observatiofisfar  the  variation  of  latitude  at   Waikikij 

Hawaiian  Islands. 


GROUP  VIII,  PAIR  6. 


Dite. 

Micrometer. 

Meanapp. 
Dec. 

Corrections. 

Latitude. 

iV. 

S. 

Mic, 

Level. 

^^/ 

Af<r. 

1892. 

/.  </. 

e.  d. 

0      /      // 

/      // 

ff 

// 

// 

0     /         // 

Feb.    3 

22783 

14- 1 9-6 

21    19  43*28 

—3  19*20 

—  •«9 

—  07 

+•06 

21   16  23*88 

8 

22'44*8 

13-82-2 

4298 

2aii 

4<I'02 

—  07 

+•06 

2388 

12 

22-o8'5 

13-57-2 

42-86 

17*49 

—1*14 

—  07 

+  06 

24-22 

23 

22-35-2 

13-85-1 

4295 

17-21 

—1*57 

—•07 

-1-06 

24-16 

27 

22-59-6 

I3-98-9 

.        4308 

19-67 

+  -55 

—  07 

4-06 

2395 

28 

22-35-3 

I3-86-5 

4314 

16-91 

—1-66 

—  07 

4-06 

24-56 

Mar.   2 

22*23*5 

1372*3 

4331 

17-46 

—1-28 

—•07 

4-06 

24*56 

5 

22-40-5 

"3*93-9 

4337 

16-40 

—1-94 

-07 

+  06 

25-02 

8 

22-32-1 

13-81-2 

43*44 

17-40 

— 1-29 

-I--01 

+  06 

24-82 

9 

21-93-9 
2208-4 

i3*42-2 

43*47 

17*58 

1*68 

—-07 

+  06 

24-20 

10 

I3SS-0 

43*57 

17-98 

-•84 

— *o7 

4-06 

24*74 

13 

22-50-7 

13.946 

43*87 

18-60 

— 1-26 

—07 

+*o6 

24*00 

21 

.  22-46-0 

13-92-0 

44*41 

I8-II 

1-88 

—05 

+  06 

2443 

23 

22-76-1 

14-24*2 

44*55 

17*63 

—2-38 

—07 

+•06 

2453 

24 

22-23-8 

I3-69S 

44*64 

i8-i8 

—173 

—  07 

4-06 

2472 

29 

22-42-3 

i3-7«"0 

4520 

20-50 

+  -09 

—  05 

H-*o6 

24-80 

30 

22-27-5 

i3-63'4 

45*29 

20-46 

-.46 

—07 

+•06 

2436 

,      31 

22*31-0 

13*69-0 

45*36 
46-18 

19-97 

—  90 

—07 

+•06 

2446 

Apr.    9     22-577 

13.95.2 

20*09 

—1*37 

— -07 

+  06 

2471 

«5 

22-22-2 

I3-54-8 

4683 

21*22 

— 1-42 

—•15 

+*IO 

24*14 

16 

22-68*2 

14-01-6 

46-89 

21*04 

—190 

—07 

+  06 

2394 

19 

23-06-4 

I4-35-8 

47*13 

21-97 

—  -81 

—07 

+  06 

2434 

21 

21-84-6 

13-17-1 

47*35 

21-25 

—1-56 

—07 

+•06 

2453 

23 

22-37-8 

i3*67'3 

47*61 

21-94 

—  -96 

—07 

4-06 

24-70 

24 

23-04-3 

14*3'**^ 

47*75 

22*59 

—  77 

—07 

+  06 

2438 

25 

Iff 

22-57-8 

1387-9 

47*85 

21*80 

— 1*40 

—07 

-f-06 

2464 

Miy    2 

22*93-6 

141 7-3 

4835 

23*29 

-63 

—  07 

4-06 

24*42 

5 

21-97-8 

13-25-0 

4867 

22-48 

— 2*06 

—•07 

4-06 

24*12 

9 

22-65-6 

13-86-2 

49*18 

24*01 

—  -26 

—  04 

+•06 

24*93 

14 

22-05-3 

I3-24-3 

4952 

2438 

— 1-02 

—07 

+  06 

24-11 

»5 

22-55-4 

13-76-2 

49*57 

23*96 

—  -74 

— *i5 

-f--io 

24-82 

18 

22-33-7 

I3-44S 

49*82 

2628 

-f  -44 

—•07 

4.06 

23-97 

22 

22*91-0 

14-09-2 

5023 

2456 

—1-23 

—07 

4--06 

24*43 

23 

22*01-9 

I3-24-I 

50'3i 

2364 

—2-30 

—•07 

4-06 

2436 
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U.    S.   COAST  AND   GEODETIC   SURVEY. 


GROUP  VIII,  PAIR  7. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Li 

N, 

s. 

Afic. 

Level. 

Ref.      Mer, 

1892. 

/.  d. 

t.  d. 

0     /        // 

/      // 

// 

//          // 

0 

Feb.     3 

2305*0 

I403'8 

21    19  5277 

—3  29*06 

-f    90 

•06 

+•06 

21    1 

8 

22'22*2 

13*22*7 

52-43 

28*67 

+  -39 

•06 

-f*o6 

12 

22-62*8 

13-70-8 

52*28 

26-93 

— 105 

—  06 

4-06 

21 

2I-86-2 

12-93-5 

5237 

27*09 

— 1*21 

—  06 

-f-*o6 

23 

22-33I 

I3-42-5 

5233 

26*61 

—1*36 

06 

-h*o6 

27 

22-37-5 

I3-37-5 

52-45 

28*79 

+  -57 

— *o6 

4-06 

28 

2i'97'0 

I305-4 

52*50 

26-84 

—1*14 

•06 

-f--o6 

29 

22'X6'2 

1329*4 

5257 

2572 

— 2*11 

06 

-I-06 

Mar.    2 

22-29*9 

13-42*9 

52*68 

25*77 

—1*77 

06 

-f-06 

5 

21-85-2 

13-01-9 

52*76 

24-91 

—2-52 

•06 

+  06 

8 

21*82*1 

12*82*1 

5283 

28*79 

-f   06 

—  04 

4- -06 

9 

22-57-6 

13*67*3 

5287 

26*54 

—1-69 

—  06 

+•06 

10 

22*64-9 

13750 

52*94 

26*44 

-1-38 

•06 

-f-o6 

13 

22-91*7 

I3-97-5 

53-25 

27-44 

—1*50 

•06 

-f*o6 

21 

22-25-7 

»3'33'3 

53-85 

27*02 

—208 

—  06 

-I-06 

23 

22-06' I 

I3I3-4 

54-00 

27*09 

—2*23 

— *o6 

4-06 

24 

22*24*2 

13-30*0 

54- 10 

27-44 

— 2*20 

—•06 

4-06 

29 

23-09-5 

14*05-5 

54-70 

2971 

—  •»9 

•06 

4-06 

30 

22*98-1 

»3"937 

54-80 

29*81 

—  -37 

—  06 

4-06 

3« 

22-79*I 

1374-4 

54-88 

29*88 

—  -62 

—  06 

4-06 

Apr.     6 

22*72-4 

13-68-2 

5536 

29*76 

—-1*04 

— -lO 

4-04 

9 

23*23*7 

14-21-9 

55-78 

29*20 

—1*82 

•06 

-f*o6 

16 

22-93-0 

13*86*1 

56-59 

3039 

-«-2*o8 

— *IO 

4--04 

17 

22*99-2 

13*82*6 

56*68 

32-64 

—  -u 

06 

-f*o6 

18 

22*89*7 

13787 

56-76 

31-34 

-78 

—06 

+  06 

19 

22*76-6 

13*66*6 

56*86 

31*11 

-1*17 

--•06 

4-*o6 

21 

22*66*6 

I3-55-2 

57-IO 

31-43 

1*18 

—  03 

4-*o6 

24 

22.53*1 

I3-39-3 

57-53 

3Jf99 

—  •54 

—  06 

-I-06 

May     I 

22*60-7 

i3'44-2 

58*18 

3261 

—1*03 

-06 

-I-06 

2 

22-85-7 

1 3-68*3 

5827 

32S2 

-   58 

•06 

4-06 

4 

22*76*7 

1 3-47-5 

58*49 

35-56 

+  -65 

•06 

+•06 

5 

22*73*1 

13*60*1 

58-62 

31-80 

— 2*02 

— -oo 

4- -06 

10 

22*93*0 

13*70*1 

5931 

34*10 

-•63 

—•06 

4-06 

15 

22*72-5 

13-47-5 

59*68 

34-59 

—   91 

—  06 

4-06 

18 

22*39*5 

1308*3 

5996 

36*02 

4.  -66 

•06 

4-06 

22 

22*13-4 

12-89*5 

20  00  00*43 

34-33 

—1-37 

•06 

4.-06 

23 

22*17*0 

1 2*95 '9 

00*53 

33-68 

—2*34 

—06 

-|-*o6 
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BmlU  from  observations  for  the  variation  of  latitude  at   Waikikiy 

Hawaiian  Islands. 


GROUP  VIII.  PAIR  8. 


Dite. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

• 

N, 

S, 

Mic. 

Level. 

Ref. 

Mer, 

.1892. 

t.  d. 

t,  d. 

0     /       // 

f    // 

ff 

// 

ff 

0      /     /o 

Feb.   3 

24-631 

"•53-3 

21   21   27-66 

-5  0385 

+  107 

—  08 

-f*o5 

21    16  24*85 

8 

24-72-5 

1 1 -61 -5 

27-29 

0413 

-j-I-IO 

•08 

-f-05 

2423 

12 

24.69-8 

11-62-6 

27-12 

0325 

4-  -60 

—  08 

4-05 

2444 

21 

23-44'8 

10*41-1 

27-17 

02-44 

—  -29 

—  08 

+  05 

24-41 

23 

24-32-4 

11-28-3 

2713 

02-53 

—  ^J 

—  08 

-f-05 

2426 

27 

2S-38I 

11-30*0 

27-23 

03-46 

+  1-44 

•06 

-f-04 

2519 

28 

24-06-2 

II-02-8 

-  27-25 

0237 

—  -24 

—08 

-f-05 

24-64 

»    ^ 

23-857 

10*85-0 

2735 

01*74 

-H 

•08 

+•05 

2476 

Mar.   2 

23-93-9 

10-92-1 

27-45 

O2-0O 

—1-08 

—  08 

+  05 

2434 

5 

23943 

1 1 '00*4 

2753 

00-17 

—2-23 

—  08 

+•05 

25-10 

8 

24-05-5 

1 1  01 -8 

27-60 

02-44 

-  -45 

—08 

-fo5 

24-68 

9 

2430-5 

11-29*5 

27-65 

01-81 

— 1-22 

•08 

+  05 

2459 

10 

23855 

io*8a7 

27-72 

02-69 

—   -94 

•08 

+•05 

24-06 

21 

24-03-5 

II-OI-I 

2867 

02-14 

—  1-96 

—  08 

-fo5 

2454 

23 

24*1 1*5 

11*08*6 

28-82 

02-25 

—  1-52 

—  08 

+  05 

2502 

24 

24-38- 1 

II-3I-5 

28-91 

03-11 

^1-34 

—08 

+  05 

2443 

29 

24-03-6 

10*86-9 

29-55 

05-45 

4-  -03 

—  08 

+  05 

24' 10 

30 

24324 

11*22-5 

29*65 

0388 

—  71 

—  08 

-f-05 

25-03 

,     31 

24-63.1 

11*47-2 

29-74 

05-27 

+  -24 

—08 

4-05 

2468 

Apr.    6 

23-80-0 

10-63-8 

3026 

05-34 

-  05 

—  08 

-1-05 

2484 

9 

24-18-9 

II -01 -5 

30-70 

05-62 

—  -45 

—  08 

+•05 

2460 

>3 

23-52-0 

io-29*7 

3129 

06-75 

~   32 

—  08 

+  05 

2419 

14 

24-60-5 

II-4I-7 

31-40 

05.94 

-•59 

•08 

-f-05 

2484 

16 

24-36-1 

11*15-2 

31-58 

0643 

-80 

—  08 

-f-05 

2432 

18 

23-93-5 

10*67-3 

31-77 

07-66 

+  •85 

—  08 

+  03 

24-91 

19 

24-21*8 

10*98*6 

3189 

06-96 

•-  -22 

—08 

+-05 

24-68 

20 

23-95-1 

IO-72-I 

3200 

06-92 

—  79 

—  05 

-f-06 

2430 

21 

24-03-3 

IO-82-4 

3213 

0643 

—  71 

—08 

+•05 

2496 

24 

23-73-3 

10*46*8 

3259 

07-73 

—  24 

—  08 

+  05 

2459 

25 

23-95-5 

10-7 1 -o 

3273 

07  26 

—  42 

—  08 

+  03 

25-00 

May    I 

24-481 

1 1-20-2 

33-33 

0805 

--69 

— -lo 

+  04 

24-53 

2 

24'22-I 

10-92-5 

3342 

0845 

—  -24 

—08 

+  05 

2470 

4 

24.33-0 

10-93-8 

3367 

10-67 

+  1-57 

•08 

+•05 

2454 

5 

23-97.7 

1069-2 

33-81 

8-19 

—I  09 

—08 

4-05 

24-50 

9 

2374-4 

10-40-8 

34-43 

0937 

—  62 

•08 

-f-05 

2440 

10 

23-950 

10-60-0 

3456 

9.70 

•00 

—08 

-f-o5 

24-83 

«4 

24*00*0 

10-64*2 

34-92 

9-89 

—  -13 

—  12 

-f-04 

24-82 

22 

24-31-8 

10-93*5 

35-82 

IO-47 

—  -92 

•08 

+•05 

24-40 

23 

2374-2 

• 

iO'40'8 

35*94 

933 

—2-26 

—  08 

+•05 

24-32 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


GROUP  I,  PAIR  I. 


Date. 

Micrometer. 

Me«n  app. 
Dec. 

Conectloiis. 

L 

A^. 

S, 

Mu, 

Level. 

Rrf, 

Mer. 

1892. 

/.    d. 

t.    d. 

0     /     // 

/      // 

// 

// 

// 

0 

Apr.     9 

IO'52-2 

I4-S4-8 

21    14  52-41 

+1  3340 

•61 

+  05 

+•07 

21 

19 

1376-8 

1775-0 

53*59 

3238 

— 1*19 

+*oi 

+•07 

24 

I3-62-2 

17-56-9 

54-28 

31-56 

—  -82 

+•03 

+•07 

25 

I3-88-2 

1 7-86-3 

54*43 

32*35 

—1-49 

+•01, 

+•04 

May     I 

I370-5 

17-65-9 

55*" 

31*73 

—1-86 

+•03 

+•07 

4 

14*28-5 

18-04-4 

55*44 

27-20 

+1-48 

+  03 

-f-07 

5 

14- 1 7*2 

18-08-7 

5558 

30-82 

—1*43 

+•03 

-f-07 

9 

13.60-7 

1 7-42- 1 

56-24 

2848 

—  -26 

4-*03 

-I--07 

10 

1 3-69-8 

I7-54-0 

56-40 

29-13 

—  -79 

+•03 

+•07 

13 

13-25-0 

17-03-8 

56-76 

27-88 

—  -10 

+•03 

4.-07 

14 

I3-92-5 

1774-6 

56-86 

28*64 

—1-08 

+•03 

4-07 

IS 

15-09-0 

18-89-2 

5695 

28-20 

-•38 

+•03 

+  07 

18 

13-60-9 

i7'42-3 

57-26 

2848 

—  -54 

+*03 

+  07 

21 

13-42-1 

17*23-8 

57-70 

28-55 

—1-49 

-1-03 

4-07 

22 

1401-3 

17-85-7 

57*84 

29-18 

— 2-09 

+•03 

4-P7 

24 

H'45-9 

18- 1 5-4 

58- II 

2572 

+  •85 

+  03 

-h-o7 

25 

1 3*69' I 

17-48- 1 

5823 

27-92 

-*'*55 

-I--03 

-f-07 

26 

i3'65-3 

I7-39-5 

58-32 

26-81 

-  84 

— -oi 

+•05 

28 

I4-43-6 

18-17-5 

5848 

26-74 

—  -68 

+•03 

4-07 

29 

1518-2 

19-03-6 

58*56 

29-41 

—2-97 

+•03 

+•07 

June    3 

13-82-5 

I7-4I-7 

59*H 

23*33 

+1*95 

-1-03 

4-07 

4 

1460-5 

1840-3 

59*28 

28- 1 1 

—2-59 

+•03 

+07 

5 

15-07-4 

18-80-5 

59*42 

26-55 

— 1-25 

+  03 

4-07 

7 

I4-36-3 

17-95-9 

59-68 

2342 

-I-I-22 

+  03 

+•07 

II 

14.44.8 

18-06-9 

5998 

24-00 

+   -82 

+•03 

4-07 

13 

13-89-2 

i7-5>o 

15  00-10 

2393 

—  -06 

+  03 

4-07 

17 

14-57-0 

18-16-7 

00-49 

23*44 

+   •63 

-I--01 

4-05 

18 

14-40-0 

18-09-0 

00-60 

25-60 

— I-I2 

+  03 

-1-07 

19 

I3-8I-9 

17-57-8 

00-71 

27-20 

—2-87 

+•03 

4--07 

22 

14-25-4 

17-81-4 

•00-94 

2259 

-f-I-02 

-[-•03 

4-07 

24 

I3-5I-3 

1711-6 

01  02 

23*58 

-18 

-{-*03 

4-07 

25 

15-07-1 

1871-3 

01  04 

24-49 

-•89 

+•03 

4-07 
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SetuUs  from  observations  for  the  variation  of  latitude  at   WaihiJciy 

Hawaiian  Islands. 

GROUP  I,  PAIR  2. 


Dste. 

Micrometer. 

Me«ii  app. 
Dec. 

Corrections. 

Latitude. 

iV. 

S, 

Mic. 

Levtl. 

Ref. 

Mer. 

1892. 

/.  1/. 

t.d. 

0     /       // 

/     ft 

ff 

// 

// 

0      /     // 

Apr.    9 

1374-3 

1575-3 

21   17  0970 

—Q  4665 

+  1*23 

—  02 

4-05 

21  1624*31 

16 

I4-58-5 

1 6-65-6 

10-76 

4804 

-fl*92 

— *02 

4-05 

24*67 

19 

I4-38-3 

I6-43-4 

11-10 

4758 

+    63 

— *02 

4-05 

24*18 

i23 

1476-8 

1679-3 

11-72 

46-98 

—  -13 

— -02 

4-05 

24-64 

24 

I4i6*3 

I6-22-6 

11-90 

47-86 

-1-  -66 

— '02 

4-05 

24-73 

.      ^5 

I3-80-I 

I6-84I 

12-08 

4732 

—  ;2I 

— -02 

4.-05 

2458 

%    4 

143 1  3 

16-56-6 

13-34 

52-27 

4-3-42 

—-02 

4-05 

24-52 

5 

I4-64-5 

16-76- 1 

13-51 

49-09 

—  -13 

— -02 

4-05 

24*32 

9 

I4-27-3 

I6-49-8 

14-28 

51-62 

4-119 

— -02 

4-05 

23-88 

10 

I4-34-6 

I6-54-8 

14-47 

5108 

4-  *68 

— -02 

4--05 

24-10 

>3 

14137 

16-38-8 

14-92 

52-22 

4-2-06 

— -02 

4-05 

24-79 

M 

I4-46S 

1 6-68- 1 

15*04 

51-41 

-f  -90 

— -02 

4-05 

24.56 

15 

1 3-99- 1 

16-23-7 

15-16 

52-10 

4-1-23 

— -02 

+•05 

2432 

18 

I3-9I-5 

i6-i77 

1557 

52-48 

4-1-52 

— -02 

4-05 

2464 

21 

i4-39'9 

1 6-62- 1 

16-08 

5X-55 

4-  -16 

— '02 

4-05 

2472 

22 

iS-68-3 

17-87*1 

16-26 

50-76 

-  73 

— -02 

4-05 

2480 

23 

14*16*2 

16-347 

16*44 

5069 

— 1*21 

— -02 

+•05 

2457 

24 

i3'94-4 

1 6-30-3 

16*59 

54-72 

+2-13 

— -02 

4-os 

24-03 

25 

I4-42-9 

16750 

16-74 

53-84 

4-1-54 

—•02 

4-05 

24*47 

26 

I3-06-0 

I5-36-2 

16-86 

5340 

4-1-28 

— -lO 

+  07 

24-71 

28 

I4-40-3 

16-737 

17-09 

54*»4 

4-114 

— *02 

4-05 

24*12 

29 

I3-87-8 

16-23.3 

17-20 

5463 

4-2-16 

— -02 

4-05 

24*76 

30 

1376-6 

16-12-0 

17-31 

54-61 

4-1-47 

4--02 

+  04 

2423 

,  Jnnc    3 

1403*6 

16-43-9 

17-90 

55-75 

4-2-81 

— -02 

4-05 

24*99 

4 

14-09*1 

X6-38-4 

i8-o8 

5236 

— 1-12 

—  00 

4-04 

24*64 

5 

14.32-2 

i6-66*o 

18-25 

54-24 

4-  -10 

— -02 

4-05 

2414 

6 

I4'54*4 

16-89*4 

18-41 

54-52 

4-  -50 

— -02 

4-05 

24*42 

7 

X4I4-3 

16-66*6 

18*56 

58-53 

4-362 

— -02 

4-05 

2368 

II 

14-599 

1 7-05*8 

1898 

57-04 

4-214 

— -02 

4-04 

24-10 

13 

I4-37-9 

i6-8o-i 

19-16 

56*19 

4-1-50 

— -02 

4.-05 

2450 

14 

14-50-2 

16-90-7 

19-26 

55*79 

4-  76 

— '02 

4--05 

24-26 

17 

i3'83-4 

16-33-8 

19-65 

58*09 

4-2*86 

— -02 

4-05 

24-45 

18 

I3-89-6 

i6-27*7 

19*80 

5524 

4-   -12 

— -02 

4-05 

2471 

22 

I4-S3"0 

17-34-4 

20*24 

58-32 

-f2-33 

02 

4--05 

24-28 

24 

1379-5 

16*36-9 

20-38 

59-71 

-f2*92 

—•02 

4-05 

23*62 

25 

14-69-8 

1713s 

20-43 

56-53 

4-  36    —02 

4-05 

2429 
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U.   S.    COAST   AND   GEODETIC    SURVEY. 


GROUP  I,  PAIR  3. 


Date. 

Micrometer. 

Mean  app» 
Dec. 

Corrections. 

Latitude. 

iV: 

S, 

Mu, 

Level, 

Ref. 

Afer. 

1892. 

/.     d. 

A    d. 

0  •  /     // 

f      // 

// 

// 

ff 

0     f       II 

Apr.     9 

19-26*6 

15-45-3 

21    17   52-96 

—I  2846 

-f    29 

—  03 

4- -06 

21   16  24-82 

16 

2070-I 

17-81-1 

53*97 

30*24 

4-  -99 

•03 

4-06 

24-75 

>9 

21*017 

17-11-9 

5427 

3043 

+  -78 

—  03 

+  06 

24-65 

23 

20-5r8 

1661-7 

5483 

3050 

+  -34 

—  03 

4-06 

2470 

24 

20-52*8 

16-59*1 

5500 

3133 

-f-  -86 

—  03 

4-06 

24-5M 

25 

21-10-7 

17177 

5518 

3i->7 

■f  -42 

-•03 

4-06 

24*46 

May     I 

21-66*6 

17-69-1 

5600 

32*21 

—  -23 

—•23 

4--29 

23-62 

4 

21*07-1 

16-97*4 

5637 

3504 

+3-52 

—•03 

4-06 

2488 

5 

20-84-3 

16-88-6 

5652 

3180 

4-  -u 

—•03 

4-06 

24-86 

9 

21*397 

17-38*6 

5726 

33'«>5 

+  -14 

—  03 

4-06 

24-38 

13 

20-89-1 

16*85*9 

57-88 

3354 

-  -35. 

— *03 

4-06 

24-02 

14 

21-15-7 

17-06-0 

58-ob 

35-04 

+1*52 

—•03 

+•06 

24*51      : 

15 

20-73*0 

16*67-3 

58-11 

3412 

+  -19 

—  03 

+•06 

24-21 

18 

20-78*5 

16-69-1 

58-48 

3497 

-|-i'26 

—  03 

4-06 

24*80 

21 

20*79*1 

16-76*3 

58-96 

33*44 

88 

—  03 

4-06 

2467      , 

22 

21-137 

17-12*0 

5914 

33-19 

—  -90 

—03 

4-06 

25*08     1 

23 

20-75-2 

16-72-1 

59-31 

33-5  > 

—1*41 

—  03 

4- -06 

24-42 

24 

20-893 

16-827 

5946 

3432 

—  42 

—•03 

4-06 

2475 

25 

20*51-6 

16-376 

59-62 

36*04 

+  *77 

-•03 

4-06 

24*38 

26 

20*04-9 

15-91-2 

59-74 

3597 

+  -59 

4--0! 

4-05 

24-42 

27 

21*13-6 

i703'» 

59*86 

3523 

-■36 

—  03 

4-06 

24*30 

28 

20*55-5 

I6-39I 

59-96 

3660 

+118 

—•03 

4-06 

2457 

29 

20-76*  I 

1655-5 

18  00*06 

37-57 

+2-28 

—•03 

4-06 

24-80 

June     3 

2168-7 

i7'44-5 

00*72 

38-41 

+2-06 

—•03 

4-06 

24*40 

4 

21-01-7 

16-92*3 

00*89 

3498 

1-49 

—  03 

4-06 

24*45 

5 

21-64-0 

I7-54-4 

01 '06 

35*02 

115 

—03 

4-06 

24-92 

7 

21-205 

16-90-6 

01*38 

3973 

-f2-6i 

— -03 

4-06 

24-29 

II 

21-80-2 

17-53*6 

oi*79 

38*96 

+  1-46 

—  03 

4-06 

24*32 

12 

2118-5 

16-96-6 

01-88 

37-88 

-h  -44 

—•03 

4-06 

2447 

>3 

21-38*4 

17-27-8 

01-96 

37-57 

+  -64 

—  03 

-f-o6 

25-06 

14 

21*02*3 

16*80*2 

02*06 

3792 

4-  38 

—03 

4- -06 

24-55 

17 

22*02*7 

1 77 1  9 

02-42 

39*94 

+  1*97 

—  03 

4-06 

2448 

18 

20*99*2 

16*81-3 

02-56 

3695 

--84 

—  03 

4-06 

2480  ! 

22 

20557 

l6-22'2 

03-02 

40*56 

+1-30 

4--05 

4-*  10 

2391 

24 

20-73-4 

16*46-1 

03*16 

39*13 

4-   06 

—  03 

4-06 

24*12 

25 

21-11-3 

16-84-0 

03*20 

39-13 

4-   16 

—03 

4-*o6 

24-26 
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RetulU  from   observations  for  the  variation  of  latitude  at   WaikiJHj 

Hawaiian   Islands. 


GROUP  I,  PAIR  4. 


Dite. 

Micrometer. 

Metn  app. 
Dec. 

Corrections. 

Latitude. 

a: 

5. 

Afic. 

Leitel. 

Ref. 

Mer. 

1892. 

/.  1/. 

/.  d. 

0    /    // 

f      // 

// 

// 

ff 

0    /    // 

Apr.    9 

X3-99-4 

22*  18*5 

21    13   1439 

4-3    10-02 

-f-    *2I 

4-05 

4-05 

21   16  2472 

16 

HI9-3 

2227*0 

1550 

0737 

-j-r7i 

-r05 

4-05 

24-68 

19 

I3-83-4 

21*98-0 

15-85 

0898 

—  -'3 

+•05 

+  05 

24*80 

23 

i3-5^'2 

21*69*8 

16-48 

08*28 

—  '18 

+•05 

4-05 

2468 

w     ^ 

I3-8I-8 

21 -91 '9 

16*66 

0793 

-f-   07 

+  05 

4-05 

24-76 

May    I 

M-03-5 

22*11*6 

17*80 

07*46 

—   32 

+•05 

-I--05 

2504 

t 

I3-447 

2153s 

l8-22 

07*63 

—1*26 

+  05 

-r05 

24*69 

I373-5 

2 1  •78-6 

1 8*45 

o6*77 

-   50 

+-05 

4-05 

24*82 

9 

I3-95-3 

2I-93-4 

19-22 

05-15 

•18 

+•05 

4  05 

24-29 

»3 

I3-85-2 

2177*5 

19*94 

0380 

-f  -47 

4-05 

4-05 

24*3" 

14 

14*29-0 

22*22*7 

20*08 

0413 

-{-    *20 

-f-o5 

+  05 

2451 

15 

i3sn 

21*44-0 

20'22 

03-80 

-f  -18 

-f-o5 

+•05 

2430 

18 

I3-887 

21*77*5 

20*66 

02-99 

4-1 -01 

+  05 

+•05 

24-76 

21 

i3'42-5 

21*39*8 

21-22 

04-96 

128 

-h-05 

+■05 

25*00 

22 

i3'99-4 

2i*9i-7 

21*41 

03-80 

116 

+•05 

+  05 

24-15 

23 

13757 

21*71*9 

21*61 

0471 

-156 

-fo5 

4-05 

24-86 

24 

I3-50-3 

21*39*9 

21*79 

0318 

•49 

4-05 

4--05 

2458 

25 

i3'47-9 

21*350 

21*97 

02*60 

-h  -15 

+■05 

+  05 

2482 

26 

I3-60-8 

21*45*7 

22-12 

02-08 

+    16 

-f-o5 

4-05 

2446 

27 

i3-94'9 

21*78*7 

22-26 

01-83 

4-  -52 

4-05 

4-06 

24*72 

28 

14*32*0 

22*17*7 

22-39 

02-27 

—  04 

+•05 

4--05 

24-72 

29 

IV69-9 
14*56-1 

22*48-7 

22*52 

00-67 

+113 

4--05 

4-05 

2442 

me     3 

22*28-5 

2330 

+2  5918 

+189 

+•05 

4-05 

24-47  ' 

4 

I4-34-6 

22-22*2 

2350 

-j-3  02-71 

—1*37 

4--05 

4-05 

24-94 

5 

I4I9-3 

22*04*8 

23*69 

02'22 

—1*05 

4- -05 

+•05 

24*96 

7 

14*36*9 

22*  18*4 

24*06 

01*30 

-  -55 

4-05 

4-05 

24-91 

11 

14*51*6 

22- 17*9 

24*59 

+2  57*77 

-hi-i8 

+•05 

4-05 

23*64 

12 

14*06*2 

21*79*7 

2470 

59*44 

-f    *28 

+•05 

4--05 

24-52 

13 

14*69*1 

22*42*2 

24*81 

5935 

+   67 

4--C5 

4-05 

2493 

14 

1408*8 

21-81*0 

2494 

59H 

-f  -36 

+-05 

4-05 

24-54 

17 

14*12*3 

21*91-8 

2538 

+3  00-83 

—1*26 

+  05 

4-05 

2505 

18 

13*89*2 

21*66*7 

2554 

00*37 

— 1-42 

4-05 

+  05 

2459 

22 

i4'58-3 

22-22*0 

26*  11 

4-2  5717 

-f  1*12 

4-05 

4-05 

24-50 

24 

I3'96'4 

21*67*8 

26-30 

5895 

—   -55 

+-05 

-f-05 

2480 

25 

14*26*8 

21*96*8 

2638 

58-63 

—  -28 

4--05 

-f-05 

2483 
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U.  S.  COAfiT  AND   GEODETIC   SURVEY, 


GROUP  ip  PAIR  5. 


Date. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Latitude. 

A^. 

5. 

Mic. 

Levtl, 

Ref, 

Mer, 

1892. 

/.  d. 

/.  d. 

0    /    // 

/     // 

// 

*' 

// 

0      /     // 

Apr.     9 

879-8 

25-361 

21   10  00-33 

-f  6  24*24 

+  72 

-f*IO 

+•05 

21    16  25*44 

16 

9057 

25-50-3 

01-43 

21-52 

-|-2*22 

4--10 

4-05 

2532 

19 

9-66*6 

26-10-8 

01*78 

21-43 

+  2-04 

4-*io 

+•05 

25*40 

23 

8770 

25-22-9 

12-39 

21*82 

-H  -68 

4-*io 

4--05 

2504 

24 

9.327 

25-791 

02-58 

21-94 

+  -61 

4-*io 

+•05 

25*28 

25 

9-23-5 

25*69-1 

12-77 

21-75 

+  -15 

4-*io 

+•05 

24*82 

May     I 

9-24-4 

25-663 

03*71 

20*90 

+  -27 

-l-*o6 

+•04 

24.98 

4 

9-33-4 

2575-9 

04-14 

21*04 

—  -41 

-f-io 

4-05 

24.92 

5 

908*9 

25-49-8 

04-30 

20-66 

4-   '20 

4- -06 

+*o6 

25-28 

9 

8-57-8 

24-93-8 

05-12 

19-53 

4-  -26 

-f-io 

+  05 

2506 

13 

91 1-4 

25*41.6 

05*85 

18*18 

-f    67 

-I--10 

4-05 

2485 

14 

8*90*4 

25*2l-6 

05-98 

18-41 

-|-   *IO 

4--I0 

+■05 

24*64 

15 

8-27I 

24-56*0 

06-12 

17-88 

-f  -48 

4- -06 

4.-04 

24-58 

18 

9*381 

25-624 

06*56 

i6*8i  1+1*44 

4--10 

+•05 

24.96 

21 

9*09-9 

25-21*1 

07-09 

1377 

+3-89 

4--10 

4- -05 

2490 

22 

9-42-8 

25*76.8 

0730 

19*06 

—1-47 

-f'lo 

+  05 

2504 

23 

8-54I 

24*90.7 

07*52 

19-67 

—1*98 

4--10 

+•05 

2536 

24 

9-63-1 

25-892 

07*70 

17*23 

+  -14 

4--IO 

+•05 

25*22 

25 

8*98-9 

25-20-8 

07*88 

16-26 

4-  -76 

-f-io 

4-05 

2505 

26 

9-16*8 

25-396 

08*03 

16*47 

+  •3« 

-f*IO 

+  05 

24-96 

27 

878-3 

25-000 

08-18 

16*21 

—  -03 

4.10 

+•05 

2451 

28 

9-09*2 

25-32-0 

08*30 

16*47 

4-  40 

4-10 

+•05 

2532 

29 

9-15*8 

25*350 

0843 

15-63 

+  -93 

-f  *IO 

4- -05 

2514 

June    3 

9*45*0 

2559.7 

09*22 

14-59 

-fl-02 

4-*io 

+•05 

2498 

4 

9*80-2 

26-02.9 

09-41 

16*44 

—  I-IO 

4--10 

+•05 

2490 

5 

9-53'3 

25-76.0 

09-61 

16*44 

—   -96 

4--IO 

+•05 

2524 

7 

9*61-5 

2578-3 

09-98 

1507 

4-  06 

-f-io 

+  05 

25  26 

II 

9.312 

25*40.6 

10*52 

13-36 

4-1*01 

4--IO 

+•05 

2504 

12 

9*33-9 

25-49-2 

10*63 

1473 

-  05 

4-*io 

+•05 

*     25*46 

13 

9-78*7 

25'87-5 

10-74 

13-22 

+  74 

-f*IO 

4- -05 

2485 

14 

9*12-5 

25-247 

IO-86 

14*01 

•00 

4-*io 

+•05 

25*02 

17 

9-62*1 

2578-3 

11-30 

14-93 

—1*28 

4--IO 

+  05 

25*10 

18 

8-95*6 

25-10-4 

11-48 

14-61 

— 1-04 

4--IO 

+  05 

25-20 

22 

9*61-7 

25-659 

12-05 

12-15 

+  77 

4--10 

4-05 

25*12 

24 

9.40-9 

25*46-0 

12-24 

12*36 

4-  'oi 

-|--io 

4--05 

24*76 

25 

9-232 

25*30*1 

12-33 

12*78 

*o6 

4--IO 

+•05 

25-20 
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BmlU  from  observatiofis  far  the  variation  of  latitude  at  Waikikij 

Hawaiian  Islands. 

GROUP  I,  PAIR  6. 


Date. 

Micrometer. 

Meanapp. 
Dec. 

Correcdons. 

Latitude. 

iV: 

S. 

Mic, 

Level, 

He/. 

Mer. 

1892. 

/.  d. 

t.  d. 

0      /      // 

f      // 

// 

// 

ff 

0        /      // 

April  9 

25  •50-6 

13*06*4 

21    21    12*44 

—4  4864 

+  -77 

—•09 

-f-06 

21   16  24*54 

19 

25*20*9 

12-70*7 

i;j86 

50*03 

■f  -56 

—  09 

4-06 

24-36 

2J 

26-IO-2 

I3-59-9 

14-46 

5005 

H-  29 

—  09 

4  06 

24-67 

24 

25-33-6 

12-77*9 

14-64 

51-30 

-|-rio 

—  09 

+•06 

24-41 

X.        ^5 

25-33-5 

12-83-9 

14*84 

49-89 

—  -07 

—•07 

+•05 

24*86 

Maj    I 

25-81 '5 

1 3*27 -o 

15*78 

51*02 

—  30 

—•  »3 

+-05 

24-38 

4 

26-16-5 

13-65-0 

16*19 

50-33 

-•89 

—  09 

+•06 

24-94 

5 

25*50*1 

12*94-3 

16-36 

5'-33 

—  -22 

—09 

+  06 

2478 

9 

253 1 -9 

12*70*0 

17*16 

52-74 

+  v 

—09 

4- -06 

24-54 

«3 

25'537 

12*85*3 

17*90 

5425 

-f  -82 

—  09 

4-06 

24*44 

14 

25-34I 

12*66*4 

18*04 

5409 

+   -38 

—09 

-1-06 

24-30 

15 

25*44*0 

12*771 

1818 

53-90 

+     38 

—09 

4. -06 

2463 

18 

25*66*6 

12*94*9 

18*61 

5502 

-fII2 

—09 

4-06 

24*68 

21 

25*6o'i 

12*94*8 

19*16 

53*53 

—  -77 

—09 

-f-o6 

2483 

22 

25*56*1 

12-91*6 

19*36 

53*34 

—1*33 

—09 

-I-06 

2466 

23 

25*15*6 

12*51*3 

19*56 

53*30 

—1*49 

—09 

4-06 

2474 

24 

25- 1 3*8 

1 2-43-5 

1975 

54-69 

—  -49 

—09 

-|-*o6 

2454 

25 

25*76*9 

13*02*2 

19-93 

5571 

+  -55 

—09 

4-06 

24-74 

26 

25-547 

12*78*6 

20*08 

5604 

-h-58 

—09 

+*o6 

2459 

27 

24*95*0 

I2i8*6 

20*24 

5611 

-f  -13 

—09 

4- -01 

24*18 

28 

25-42*7 

12-67*8 

20-36 

5576 

•00 

—09 

4-06 

2457 

r          ^9 

25*27-6 

12*47*4 

20*49 

56-99 

4-II5 

—  09 

+  06 

24-62 

W      3 

26*03*8 

13.25-9 

21*28 

5645 

~  14 

—  09 

4-06 

24*66 

4 

25*78-4 

1303*2 

21*48 

5583 

—  -93 

•09 

+*o6 

24*69 

5 

26106-7 

13*29*5 

21*68 

5629 

-•65 

—09 

4-06 

2471 

II 

26-74-3 

i3«4-8 

22*61 

59-H 

+  I-04 

—  09 

-f-o6 

2448 

^3 

25-81-2 

12*93*7 

22*84 

5868 

+  -45 

—09 

4-*o6 

2458 

14 

26*17-0 

13297 

22*96 

5864 

-f    '12 

•09 

4-*o6 

24-41 

17      25*88-2 

13*02*4 

23-41 

5829 

—   *92 

-05 

4--05 

24*20 

18    25*69-3 

12-84*9 

23-58 

—4  5796 

-89 

—09 

4-*o6 

24-70 

22        25-88-0 

12*90*7 

2418 

—5  00-96 

-fi-56 

—  09 

4-06 

24-75 

24      25*99*5 

13*11*3 

2438 

-4  5884 

-•78 

—09 

+•06 

24-73 

25      25-47-4 

12-56*2 

24-48 

59*54 

—  -13 

—09 

4-*o6 

24-78 
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U.   S.    COAST   AND    GEODETIC    SURVEY. 


GROUP  I,  PAIR  7. 


Date. 

Mtcrometer. 

Mean  ftpp. 
Dec. 

Corrections. 

Lat 

N. 

S, 

r 

Mu. 

Level. 

Hef. 

Mer, 

1892. 

t.  d. 

/.  d. 

0     /     // 

/      // 

// 

'' 

// 

0 

April    9 

iS-49-8 

l8*22*5 

21  15  20*28 

-f-i  03*26 

+  -54 

-}-*02 

-I-06 

21    I( 

»9 

I4-83-8 

I7-50-4 

21-74 

01-85 

+  •85 

4- -02 

+  06 

23 

I5-27-4 

17-91*9 

22*36 

01*36 

-f  -65 

4- '02 

-fo6 

24 

H-95-5 

17*557 

22-56 

00*36 

+119 

-f-02 

4--o6 

25 

I4-97-8 

17*59*1 

22-75 

00*62 

■f  -45 

4- -02 

-I-06 

May     I 

iS-h2-o 

i8*44-8 

23*76 

00*97 

•09 

4- -02 

-fo6 

4 

I5-5X7 

1 8*  12*4 

24*20 

0048 

—  •«3 

4- -02 

-f-*o6 

5 

14-871 

«7-457 

2437 

59-99 

-    15 

4- -02 

-f-*o6 

9 

15030 

i7-57'3 

25-22 

58-99 

—  -12 

4- -02 

4- 06 

13 

I4-65-6 

17*12*4 

26-02 

5725 

+    -63 

4- 02 

4-06 

14 

1 4-650 

1710*4 

26-17 

56-93 

+     92 

4- 02 

4-06 

15 

I5-42-9 

17903 

2632 

5739 

+    -II 

4- -02 

4- -06 

18 

14*90*2 

17-317 

26-78 

56*02 

-fi-62 

4- -02 

-f-o6 

21 

1 4*62- 1 

1709*7 

2738 

57-44 

—  -27 

4- "02 

4-06 

22 

i5-3>7 

>7-33-> 

2760 

5832 

—1-23 

4- '02 

4-*o6 

23 

1478-9 

17*27-2 

27-81 

5760 

—1*13 

4- '02 

+  06 

24 

15*80*4 

18-26*3 

28-02 

5704 

—  78 

4- '02 

4-06 

25 

15-31-2 

i7'66*o 

28-22 

54-47 

+1*26 

4- -02 

4-06 

26 

15070 

1 7-44-8 

28*39 

55-17 

+  -77 

4-*02 

4-06 

27 

15*311 

17-70*6 

28*56 

5556 

+  -14 

+  09 

4-05 

28 

15-28*4 

17*63-3 

28-71 

54-49 

-j-rio 

-f*02 

4-*o6 

29 

15199 

17-532 

28-86 

54-12 

4-1*28 

4- -02 

4-06 

June    3 

I5-56-2 

17-91  I 

2970 

54-49 

-f   31 

4- 02 

4-06 

4 

U-99-3 

17-33-' 

29-92 

5424 

—  -lo 

4- -02 

-fo6 

5 

15-832 

1 8*  1 6-3 

3014 

54-08 

—  -07 

4- -02 

4-06 

7 

t5-3o-7 

1 7*60-5 

3056 

53-31 

-f    -22 

-4-*02 

4-06 

II 

15*32*3 

»7-53-3 

31-20 

51*27 

4-I-80 

4- '02 

4-06 

>3 

15*41-5 

17-66*2 

31-46 

52-13 

+  -87 

4- -02 

4-06 

17 

1570*8 

17*981 

32- 10 

5273 

—  -53 

4- -02 

4-06 

18 

15*470 

1 7-69-0 

3228 

51-50 

-f    18 

4- -02 

4--04 

22 

15*271 

1 7-38-8 

3298 

49-11 

-fi-85 

4- -02 

4-06 

24 

15*30*1 

17.44.7 

3322 

4978 

-f  -24 

4- -02 

+*o6 

25 

15*80*5 

17*95*4 

33-34 

49-85 

+  -37 

4- '02 

4-06 

GROUP  n.PAIR  I. 


1892. 

/.  d. 

t.  d. 

0     /     // 

/      // 

// 

// 

0 

May  22 

7*38*6 

28-52*8 

21  oj;  14*84 

-f  8  10-46 

-•63 

+•14 

4-05 

21  i^ 

25 

7-65-5 

28*64-9 

1557 

0703 

+    85 

4--I4 

4- -05 

28 

813-5 

29*08-8 

16-19 

0608 

+  r8i 

4-14 

4-05 

June     7 

9-424 

30-35-9 

18-33 

0566 

4-  -06 

+•14 

4-05 

II 

8*69*9 

29-52*6 

19*16 

03-16 

4-I-00 

-I-I4 

4--05 

13 

774-4 

28-61*0 

19*51 

04-06 

4-  -^ 

4--I4 

4-05 

14 

7*32-i 

2818*4 

19*68 

0399 

4-  -44 

4--I4 

4-05 

18 

7*64*0 

28-53-7 

2052 

0478 

—I -02 

+•14 

4-05 

23 

7*76-4 

28-51*7 

21-62 

01 -44 

+  •54 

4--I4 

4-05 

25 

7-67-9 

28-45-4 

21-96 

01-95 

—  -oi 

• 

+•14 

+•05 
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•.  HwiU  from  observations  for  the  variation  of  latitude  at   Waikikij 

Hawaiian  Islands. 

GROUP  II,  PAIR  2. 


■     Ihtt. 

Micrometer. 

Meanapp. 
Dec. 

Corrections. 

Latitude. 

i    — 

M 

S, 

MU. 

Level, 

Ref. 

Aler. 

1S92. 

t.  d. 

/.  d. 

0      /      // 

/      // 

tf 

// 

ff 

0         /      // 

Afay  22 

16933 

17-950 

21   16  00-98 

+0  23-59 

—  -24 

+•01 

+•05 

21    16  24*39 

25 

16-5 1 -2 

I7-4I-4 

01-74 

20-92 

-fi-4i 

-j-'OI 

+•05 

24-13 

2S 

1677-4 

17-62-6 

0238 

1976 

-fi-94 

-t--oi 

-h-05 

24-14 

Jane    7 

17-21-6 

18*027 

0458 

18-81 

+  -68 

-f -Of 

+■05 

24-13 

II 

17-12-0 

I7-86-3 

05-44 

17-24 

-ri32 

-f-oi 

-h-05 

24-06 

'3 

I7I97 

17-947 

05-80 

17-40 

-fI-19 

4- -ox 

4-05 

24-45 

14 

17771 

18-50-6 

0599 

1705 

+  -96 

-I--03 

-f-o5 

24*08 

17 

I6-83-9 

17-64-0 

06-61 

18-58 

--65 

-f -oi 

-I--03 

'24-58 

18  1 

1702-0 

17-77-6 

0682 

1754 

—    "3 

-hoi 

-f-05 

2429 

25  i 

i 

17-00-5 

17-67-0 

08-36 

15-43 

-|-  -11    4--OI 

1 

1 

+•05 

2396 

GROUP  II,  PAIR  3. 


[892- 

ay    22 

27-87-9 

9-11-9 

21  23  41-53 

—7  15-20 

—  -88 

-13 

+•05 

21  16  2537 

25 

27-12-3 

8-20I 

42*29 

1896 

+  1-99 

--i3 

-fo5 

25-24 

28 

2734-6 

8-44-5 

4296 

18*48 

+  -78 

-13 

4-05 

2518 

LUC      7 

2724-7 

5'3°'l 

45-17 

«9'45 

—  -32 

—•13 

-+-05 

2532 

II 

27-51 -I 

8-44-8 

4608 

2223 

+  -85 

—-'3    +05 

2462 

13 

27495 

8-48-0 

4644 

21*12 

+  -58 

--13I  +05 

2582 

18 

2779-5 

8-76-5 

47-50 

21-47 

—0-56 

—  131  -ho5 

2539 

25 

27-70*2 

8-58-3 

4906 

2353 

—  -33 

— -13 

+  05 

25-12 

GROUP  II,  PAIR  4. 


18-88-7 
18-22-8 
1816-1 

18-14-5 
1815-8 
18-68*6 
i8-59*7 
18-450 


15-88*7 
i5-xo*3 

H-97-3 
14*92*7 

14*81*7 

15-39-9 
15-31*8 

i5*i6-8 


26  17 


3530 
3606 
36*72 
3898 

3989 
40-26 

41*34 
4295 


09*60 

— 119 

— -02 

I 

I 

4-05 

12-50 

-:   50 
-fi-17 

—  02 

-h*o5 

13-96 

— *02 

+  05 

14-65 

-    04 

— '02 

-h-05 

1751 

-hi -25 

— *02 

+  05 

16-25 

+    -21 

—  02 

4-05 

16*07 

—  -91 

—•02 

+  05 

18-46 

-  -44 

—•02 

+  05 

21  16 


2454 
24-09 

23*96 

24*32 
23-66 

24-25 
24-39 

24*08 


GROUP  II.  PAIR  5. 


Xay  22  \  iro8-8 

2C  /  IO-97-5 

^  \  leyyy-o 

Jane  ;    lo-pi'i 

//  /  II*20*7 

ij    If -60*7 

^//'»-39-4 


26*47-8 
26-19-5 
2595-9 

26*06-8 
26*26*8 
26*66'5 
26*65^-2 
26*33*2 


21 


10  28-40 

-f  5  57-02 

-  77 

-h-io 

4--05 

29*17 

53-08 

+  1-69 

-hio 

+•05 

29-85 

52-36 
51-62 

+1*25 

-j-'IO 

-f-05 

32-12 

•H--38 

4--IO 

-f-05 

33*06 

49*39 

+1-54 

-f'lO 

+  05 

33-45 

49*32 

+1*20 

-f-io 

-I--0S 

34-04 

50*32 

— o-6i 

-h-io 

+*oS 

36-24 

46-54 

+1*38 

+-08 

+*04 

21  16 


24-80 

24-09 
23*61 

24*27 

24*14 

24-12 
23*90 
24*28 
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U.    S.   COAST  AND   GEODETIC   SUKVEY. 


GROUP  II,  PAIR  6. 


DaU. 

Micrometer. 

Mean  app. 
Dec. 

Corrections. 

Lati 

N, 

S. 

Mic. 

Level.     Ref, 

Mer. 

1892. 

/.  d. 

t.  d. 

0      /      // 

/     // 

// 

// 

ff 

0    / 

May  22 

I2-88-4 

23*60-0 

21    12   17*18 

+4  08*60 

-•58 

-f*o7 

+  05 

21    16 

25 

1274*6 

23-29*2 

17-96 

0465 

+1-85 

+•07 

+•05 

28 

12*22*8 

22*8o*8 

1865 

05*44 

H-  70 

+  07 

+•05 

June    7 

I3'497 

23-95*2 

20*92 

02*54 

+108 

4-07 

+•05 

II 

i3-3r3 

23*751 

21-88 

0168 

-I-118 

+•07 

+•05 

18 

12-85*9 

23-32*0 

2338 

02-68 

— 106 

4-07 

+•05 

25 

12*75-9 

23-09-2 

2508 

+3  597  X 

-f  20 

+  03 

+  04 

GROUP  II,  PAIR  7. 


1892. 

May  22 

22*67- 1 

I3-6I-3 

25 

22-90*6 

13*70*5 

28 

23-00*9 

1373*9 

June    7 

23-31*7 

14*02*1 

II 

23357 

13-977 

18 

22*39*1 

13*07*2 

25 

23*08*6 

13*64*1 

21 


19  57-05 

—3  30- 1 3 

—1-62 

—06 

+  06 

57-84 

33*45 

-f  -27 

—  06 

-fo6 

5854 

35-05 

+  -86 

—  06 

+  06 

6082 

35*65 

—  -31 

—06 

+•06 

20  01-82 

3760 

-f  -53 

—06 

-fo6 

0335 

3619 

—1-89 

—06 

-f-06 

05*11 

39*" 

—1*04 

—06 

4- -06 

21  l( 


GROUP  II,  PAIR  8. 


1892. 

May  22 

1553-4 

20*50*1 

25 

1379.9 

18*63*5 

28 

12*32-1 

17*06*4 

June     7 

12*69*4 

17-39*5 

II 

12*42-9 

1705*2 

18 

12-58-2 

17*30-7 

25 

12*93*8 

17*45*2 

21  14 


30*50 

+1  55*23 

—1-44 

1 
+•03 

+•05 

31*29 

52*19 

+  *^ 

+•03 

4-*o5 

32*01 

5003 

+  1*83 

4--03 

+•05 

34*32 

49*o6 

+    '22 

+•03 

+•05 

3§'32 

4725 

4-  -64 

+•03 

4-05 

36-88 

49-61 

—1*79 

4--03 

4-*05 

3868 

4472 

+  -40 

+•03 

4-05 

21  I< 


From  the  preceding  individual  values,  all  those  nights  were 
on  which  complete  series  were  obtained.  These  complete  nighl 
collated  for  each  group,  and  the  daily  means  taken  as  fumis 
each  group.  This  made  it  possible  to  reduce  each  pair  to  f 
declination  system  by  subtracting  each  separate  value  of  the  I 
on  any  one  night  from  the  mean  of  all  the  pairs  in  the  group  £1 
night.  Every  night  being  treated  in  this  way,  and  the  mean 
taken,  we  have  a  system  of  corrections  which,  being  applied  t 
appropriate  pairs,  reduce  the  individual  values  of  the  group 
homogeneous  system. 
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Rmltt  from  observations  far  the  variation  of  latitude  at   Waikikij 

Hawaiian  Islands. 

These  redactions  are  given  in  the  following^  tables: 

Reduction  to  mean  declination  system, 

GROUP  I. 


Date. 

I. 

2. 

3- 

4.          5 

• 

6. 

7. 

8. 

Sum. 

1891. 

// 

// 

ff 

//          // 

ff 

ff 

ff 

June     7 

^^•08 

+c 

ro9 

+007 

+0-13    — 0 

76 

4^-39 

-fox3 

—0-03 

8 

+  -49 

+ 

•15 

—  -04 

+  .08    - 

77 

—   03 

+  -11 

—  -oi 

II 

+  •36 

+ 

•92 

—  •52 

-.36    - 

86 

+  •36 

4-    '12 

4-  -04 

'3 

—    23 

4- 

•03 

+  .11 

+  .09    — 

69 

+  -51 

+  -17 

—  -ox 

17 

—    16 

+ 

•31 

+  -27 

—  -33    — 

47 

+  -03 

4-  36 

4-  01 

18 

+  -58 

+ 

•12 

+  -32 

-65    - 

•57 

4-  -08 

4-  -lo 

—   -02 

22 

-    37 

+ 

•16 

—  -lO 

H-  -06 

40 

4.  -24 

4-  -42 

4-  -OI 

26 

+  -u 

+ 

•28 

+  •14 

—  '22     —  ' 

•55 

—   -02 

+  -24 

-j-  -oi 

1892. 

Apr.      9 

-•56 

+ 

•45 

—  06 

+   -04     — 

'68 

-f    -22 

4-  60 

4-    -OI 

>9 

—  -20 

+ 

•50 

+  -03 

—  -12     — 

72 

+    -32 

4-  16 

-   -03 

.,       ^ 

—   40 



•01 

+  -16 

—    04     — 

56 

+  -31 

.+  -53 

—   01 

May      4 

+  -47 

+ 

•17 

-    19 

•00     — 

23 

—   25 

4-  06 

4-  03 

5 

-    30 

4- 

•45 

—  -09 

-    05      - 

51 

—   'OI 

+  •48 

—  03 

9 

-    '5 

+ 

•53 

+  -03 

4-   -12     — 

65 

—   13 

4-  -24 

•01 

»3 

—   -21 

^^ 

•36 

+  -41 

4-  -12    — 

42 

—   -OI 

-f  -45 

- 

—  02 

14 

_    -07 

'II 

—  .06 

—    06     — 

19 

-f  -15 

+  -35 

-f    -OI 

»5 

—  -47 

+ 

•08 

+  -19 

4-  -lo    —  ' 

18 

-   23 

4-  50 

—   'OI 

18 

-    50 

+ 

•16 

•00 

+  -04    — 

16 

+    -12 

+  30 

—  04 

21 

-   06 

+ 

■08 

+  -13 

—  -20    —  ' 

■10 

—     03 

+  -17 

—   -OI 

22 

—    24 

•01 

—  -29 

+  -64    -  " 

25 

+  -13 

4-  -02 

•00 

24 

—    17 

+ 

•58 

—    14 

+  -03    — 

61 

4-  -07 

4-  -25 

4.  -OI 

25 

—    10 

-f 

•13 

-f   -22 

—  '22     — 

45 

—   14 

4-  -57 

4-  'OI 

26 

-j-    -22 

— 

•15 

+   -U 

+   'lO     — 

40 

—  03 

+  -15 

4-  03 

28 

—    -02 

+ 

•50 

+   -05 

—  'lO     — 

70 

+  05 

4-  -24 

4-  -02 

.        ^9 

~'36 

■02 

-    06 

+   -32     — 

40 

4"   '12 

4-  -40 

•00 

June      3 

+  -14 

— 

•33 

-f     26 

4-   19   — 

32 

•00 

4-  08 

4-   -02 

4 

_   24 

-f 

•02 

-|-   -21 

—  28   — 

24 

—  -03 

4-  -52 

—   .04 

5 

—  -to 

+ 

•58 

—  -20 

—  -24     — 

52 

4-  'OI 

4-  -49 

4-  -02 

II 

—   50 

+ 

30 

4-  08 

4-76  -  ■ 

64 

•08 

4-  05 

—  03 

13 

+  •58 

-f 

•15 

—  41 

-28^- 

■20 

4-  -07 

+   11 

4.  .02 

17 

—  •01 

+ 

•16 

4-  -13 

—  -44    —  ' 

'49 

+  •41 

-1-  -23 

—   'OI 

18 

—  -44 

+ 

•03 

~  06 

+  -15    -  • 

46 

+  -04 

4.  72 

—  -02 

22 

—    19 

+ 

•18 

-f  -55 

—   04    — 

66 

—  29 

+  -44 

—   "OI 

24 

—   25 

+ 

•65 

+  •15 

—  -53    — 

49 

-.46 

4-  -95 

4-    '02 

25 

—  -21 

+ 

•24 

+  -27 

—  .30    ~ 

67 

—  25 

+  •89 

-     03. 

Means 

—  .103 

+ 

.200 

+  .049 

—  .043  — 

485 

4-  .047 

+  .331 

—  .004 
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U.   8.   COAST  AND   GEODETIC   SURVEY. 


Reduction  to  mean  declination  system. 


GROUP  II. 


Date. 

1. 

2. 

1 

1 

3-           4. 

1 

5 

« 

6. 

7. 

8. 

Sum. 

1891. 

// 

^^ 

// 

// 

// 

// 

// 

// 

// 

June     18 

—0-25 

— o-oo 

—0-30 

-fo.44 

-ho- 

18 

— 0^52 

—016 

-\-osS 

— ot)3 

26 

T 

•30 

-  17 

—    19 

-f    69 

^—    • 

24 

-    58 

" 

•04 

-f    -21 

—  -02 

27 

•09 

+  -41 

—   29 

4-  -09    +  ' 

17 

-  -53 

— 

•33 

4-  60 

4-  -03 

28 

— 

•47 

+  -25 

-f   03 

-j-    19 

^  ,  ^     ' 

26 

—  I '02 

4- 

•41 

4-  -90 

4-  -03 

30 

— 

•63 

+  -54 

-    13 

4-    69    +  ■ 

13 

—     81 

•09 

4-  -32 

4-  -02 

July      18 

— 

■43 

-f  71 

—   60 

-f-    87 

04 

—     36 

— 

•37 

4-  -25 

4-  -03 

26 

•86 

-f    26 

-•38 

-h    46 

+  • 

10 

—    42 

•16 

4-100 

•00 

29 

+ 

•34 

4-  -45 

—    10 

4-  -30 

+  ■ 

18 

—  -94 

— 

•56 

4-  -34 

4-  -oi 

Aug.      5 

56 

-f  -51 

-     18 

-f  -39 

4-  " 

06 

—  -96 

4- 

•12 

4-  -64 

4-  -02 

6 

— 

-21 

—   23 

—  -49 

-f    89 

4-  ' 

43 

•09 

•54 

4-  -25 

4-  -Of 

xo 

— 

■41 

-f  -27 

—  -37 

-f    "9 

4-  • 

25 

—    52 

4- 

•II 

4-  46 

—  -02 

13 

— 

•27 

+    36 

—    18 

-f-    64 

4-  • 

24 

—  -88 

4- 

*I2 

-  06 

•03 

14 

— 

•53 

-h  -35 

-  -45 

+  73 

4-  ' 

37 

-  -55 

— 

•04 

+  09 

—   03 

16 

— 

•57 

+   69 

—  -07 

-f  •>7 

+  ■ 

II 

—  -88 

•05 

4-  60 

•00 

1892. 

May     22 

+ 

•01 

-f   48 

-    50 

-f  -33 

4-  ' 

07 

-  -45 

— 

•43 

4-   50 

4-  -Of 

25 

+ 

■70 

-f    -21 

—   90 

+  -25 

4-  ■ 

25 

—   24 

— 

•32 

-  04 

—    -OI 

28 

-f 

•03 

-h  -16 

•88 

+  -34 

4- 

69 

—  -61 

•05 

4-  -35 

+  -03 

June       7 

+ 

•19 

+    30 

-    89 

-f    If 

4-  ' 

16 

—   23 

— 

•43 

4-  75 

—  04 

II 

4- 

•60 

-f-    05 

—    51 

+  -45 

03 

-   75 

•64 

+   82 

—    -OI 

18 

4 

+ 

•23 

+  -41 

—  -69 

+  -31 

4- 

80 

—  42 

•57 

—  08 

—    -Of 

25 

Means 

+ 

•34 

-f  -47 

-•69 

+  -35 

+ 

15 

-•63 

— 

•53 

4-  -55 

4-  -OI 

— 

'121 

+  -309 

—  -417 

+   423 

4- 

•180 

-  -590 

— 

•217 

4-  -434 

GROUP  III. 


189 

I. 

// 

'/ 

// 

// 

// 

// 

// 

/ 

/ 

// 

July 

8 

— 019 

+032 

— 035 

— c 

)-85 

+0 

95 

—003 

— 0  19 

+o- 

33 

— <«>i 

17 

•41 

-f  -09 

4- 

•45 

— 

•27 

+ 

61 

—   49 

4-  -07 

07 

—  -02 

18 

•44 

—   09 

•40 

— 

•78 

+ 

82 

4-  -04 

--   72 

J 

II 

—  -02 

^? 

■34 

—  -43 

•75 

— 

•49 

+ 

80 

4-  •" 

4-  -52 

4-  ■ 

56 

—  -02 

26 

— 

•21 

4-  -37 

— 

77 

•19 

+ 

83 

•71 

4-  ^40 

4-  • 

27 

—   "01 

27 

— 

•19 

4-  -05 

— 

•03 

■43 

+ 

31 

-OS 

4-  -52 

15 

4-  -03 

Aug. 

5 

•42 

4-  -36 

— 

•60 

— 

•18 

+ 

80 

—   '26 

4-  -20 

4-  ■ 

07 

—  -03 

• 

13 

+ 

•23 

4-   19 

— 

•05 

•41 

+ 

79 

—  -53 

4-  -'3 

34 

4-  ^i 

14 

•58 

4-   39 

•25 

— 

•14 

+ 

28 

--;32 

4-  -60 

4-  • 

02 

•00 

15 

+ 

•03 

4-  -39 

— 

•41 

— 

•54 

+ 

59 

4-  16 

4-  -47 

— 

67 

4-  -oa 

16 

— 

•19 

-  OS 

— 

•29 

•»5 

+ 

40 

—  -27 

4-  -66 

09 

4-  -02 

26 

— 

•55 

—  -oi 

— 

•02 

+ 

•07 

+ 

•SO 

—  -15 

4-  -49 

35 

—  -02 

29 

— 

•03 

—  -24 

•19 

+ 

•50 

— i- 

■24 

4-  -09 

4-  -53 

39 

4-  -03 

Sept. 

2 

— 

•84 

—  -lo 

+ 

.30 

•12 

+ 

■xo 

4-  -07 

4-   96 

38 

—  -OI 

9 

•06 

—  27 

— 

•01 

— 

•08 

15 

4-  -30 

+.•52 

— 

24 

4--OI 

18 

— 

•51 

—   -22 

+ 

•x8 

+ 

•24 

4- 

■20 

4-  02 

4-  -28 

18 

4-  -OI 

19 

•60 

—    04 

•20 

+ 

•38 

+ 

42 

4-  -29 

+  -33 

56 

4-   "02 

26 

— 

•80 

4-18 

+ 

•23 

+ 

•25 

4- 

•55 

—  28 

4-  -03 

— 

-12 

4-  -04 

28 

Means 

— 

•33 

-00 

+ 

■06 

— 

•24 

4- 

•10 

4-  -14 

+  36 

12 

—  03 

— 

•338 

4-  -047 

— 

•163 

•181 

4- 

•456 

—•098 

4-400 

■120 

• 
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ResulU  from  observations  for  the  variation  of  latitude  at   WaiJcikij 

Hawaiian  Islands. 

.  Seductions  to  mean  declination  system. 

GROUP  IV. 


• 

Date. 

I. 

2. 

3- 

4- 

5. 

6. 

7. 

8. 

Sum. 

1891. 

// 

ft 

// 

// 

// 

// 

// 

// 

// 

Aug. 

20 

— 0-24  1 

+0-74 

4-117 

— 019 

—070 

— 0-09 

— 0*26 

—0-47 

~   04 

23 

70 

+  -87 

4-  -50 

—  -26 

—  -66 

4-  -16 

—    29 

4-    39 

4-  -oi 

• 

25 

•63 

-f    -22 

-fi-40 

4-  -04 

-   50 

•06 

—  77 

4-    29 

—  .01 

29 

•00 

-+-  -29 

-fri3 

—  -41 

—  76 

4-  -08 

-15 

4-   -22 

—  -03 

Seot. 

2 

— 

•52 

-h  -52 

-f  -94 

—  -oi 

—   90 

-h  36 

^  -68 

4-  ^32 

4-  -03 

9 

— 

77 

+  -33 

-fi-59 

•08 

-78 

4-   11 

—   81 

4-  40 

—  -OI 

12 

— 

•46 

+  76 

-fi-o6 

—  -22 

— I '02 

—  -04 

—   24 

4-   16 

•00 

IS 

•40 

+  -35 

+  77 

—  '^Z 

—   43 

4.  -07 

-•65 

4-  -42 

•00 

23 

•18 

+    79 

-fi^23 

—  18 

—  "49 

—  -25 

-•69 

—   '21 

4-  -02 

26 

— 

•46 

-f  -lo 

-f  -64 

—  ^19 

-  -37 

+  -30 

-  -53 

4-  -49 

—  -02 

- 

28 

— 

■31 

-f  -27 

4.  76 

4-   09 

—  -93 

4-  -69 

—  -75 

4-   '21 

4-  -03 

Oct. 

4 

•26 

+  •53 

-h-s« 

—  04 

—  -94 

+  ^37 

—  42 

4-  -17 

—  'OI 

5 

— 

•3i 

-h   64 

-fli4 

~   06 

-•84 

-  -35 

-•46 

4-  -24 

—  •03 

8 

— 

•23 

+    16 

+  -86 

4-  06 

—  -69 

+  -35 

—  74 

4-   '22 

—   -OI 

28 

•68 

4-  -88 

—  -07 

•28 

— 1'20 

4-103 

—  'CO 

+    -32 

•00 

30 

•49 

4-  ^23 

-f  71 

—  25 

-  -51 

4-  -17 

—  -51 

4-  ^63 

—  •02 

31 

'20 

—  04 

4-  -99 

-   IS 

—  41 

4-  -27 

—    19 

—  -30 

—  ^03 

Nov. 

I 

— 

•32 

-f  -17 

4.105 

+  08 

—  79 

4-  -39 

—   80 

4-  -24 

4-  -02 

4 

— 

•37 

-h  -27 

4-  -53 

—  -09 

—  '53 

+  •SI 

—  -99 

+  -63 

—  •CH 

6 

•47 

+  -73 

4-  •84 

-•64 

—  38 

4-  -39 

-•64 

4.  -26 

•00 

14 

+ 

•01 

—  31 

4-  -52 

4  -45 

—  55 

_-  -03 

-•58 

+  •^5 

—  04 

17 
Means 

— 

•38 

-|-    -22 

4-  83 

4-  -04 

-•81 

u-  .58 

—  -57 

4-  08 

—  01 

— 

•382 

+     396 

+  -871 

—   'IIO 

—  '690 

4-   -224 

—  552 

4-  -235 

GROUP  V. 


Nov. 


iS9i. 
Oct.        4 

5 

8 

30 

31 

I 

6 

14 

17 

19 
21 

23 
10 

12 

15 
21 

23 

25 
26 

29 
30 


Dec 


// 
-0*00 

4-  -19 

—  -lo 

4-  74 

—  '12 

4-  -31 

4-    '02 

4-  -16 

—  -lo 

4-    'lO 

-h   31 

4-  -05 

4-  -36 

•00 

—  '22 

4-  -51 
4-  -31 

4-  '21 

,4-  -14 
4-  -35 


Means 


4-   137 


// 


12 

4-  -11 

—  '23 

—  -03 

—  -28 

—  09 

4-  -27 

4-    '20 

4-   37 

-H    "21 

4-  -36 

4-  36 

4-  -06 

4-  -53 
4-  -30 

4-  -13 

—  -03 

.4-  -09 
4-  -11 

4-  -57 
+  -17 


4-   146 


58 
67 

—  -44 
— ii8 

—  61 

—  75 
-•63 

—  77 

—  -61 

—  -63 

—  -61 
—115 
-•58 

— I'lO 

— ro6 

—  -57 
— ro5 

-•85 

—  '93 

—  '62 

—  -57 


—  760 


// 
+013 

4-  -25 

—  -02 

4-  -34 
4-  -32 

~  -59 

—  08 

—  -01 

4-  -09 

4-  'lO 

—  'lO 

4-  ^35 

—  -32 

—  14 

4-  -12 

4-  -48 

4-  -33 

4-  -31 

—  -03 

—  '22 
_.   .40 


4-  •043 


// 

4-050 

4-  31 

4-  -18 

—  13 

4-  -04 

4-  -19 

4-  26 

4-  -19 

4-  ^04 

4-  -03 

—  •IS 

—  -05 
4-  -33 
4-  -04 
4-  -17 
4-  28 
4-  -65 

—  17 
•00 

—  '22 

4-  -78 


4-  -156 


// 
4-0*26 

4-  -30 

4-  -24 

4-  61 

4-  -66 

4-  -51 

4-  -69 

4-  40 

4-  -35 

4-  -25 

4"  ^42 

4-  29 

4-  -26 

4-  62 

4-  -34 

—  03 

—  -11 

4-  -42 

4-  72 

4-  -51 

4-  "02 


// 


4-  368 


13 

—  53 

—  '22 
-•65 
-.46 

+  -13 
~  57 
-•48 

4-    'OI 

—  -27 
4-  -29 

—  -OI 

4-  -03 

—  -16 

—  -18 

—  -32 

—  -23 

—  40 

4-    '20 

4-  -13 

—  -49 


—   205 


// 

— o-o6 
•00 

4-  -55 
4-  -29 

+  -43 

4-  -31 
4-  ^07 

4-  -30 

—  17 

4-   '21 
4-  -lO 

—  14 

4-  '14 

—  -16 

4.  -28 

4-  -27 

—  -05 

4-  -28 

—  16 

—   '27 

4-  'lo 


4-  'IIO 


// 

0.00 

— 

.04 

— 

•04 

— 

•01 

— 

•02 

+ 

•02 

+ 

•03 

— 

•01 

— 

•02 

•00 

— 

•03 

-~ 

•04 

— 

•03 

— 

•ox 

— 

•03 

+ 

•02 

+ 

•02 

— 

•OI 

+ 

•02 

+ 

•02 

— - 

•04 

I 

S,  Ex.  37 10 
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U.   S.   COAST  AND  GEODETIC   SUBVE^. 


Beductiana  to  mean  decKnatian  system. 


GROUP  VI. 


Date. 

I. 

2. 

3. 

4. 

5. 

6. 

7- 

8. 

Sum. 

1891. 

// 

// 

// 

•   // 

// 

// 

// 

// 

// 

Nov.    21 

— 1-20 

— 0-26 

+0-54 

+018 

-f0'02 

— o-oo 

+053 

4-0-20 

4-0^1 

Dec.     12 

-'25 

+  •55 

—   26 

+  -15 

+  -59 

-  58 

4-    17 

—  -39 

—  -02 

15 

—  -81 

■f  -60 

4-  -60 

—   'OI 

-h  -04 

—  24 

4-    19 

-•38 

—  ■01 

23 

—  -47 

4-  -91 

+  •" 

-+-   '20 

+  77 

—  -30 

-•56 

-68 

—  '02 

26 

—    18 

+  -42 

-f   40 

+   -46 

4-  -26 

—  76 

4-   -21 

-78 

4- -03 

29 

—  -99 

+  -35 

+  -17 

+  -37 

—  -27 

-  15 

4-  -so 

4-   oi 

—  -oi 

1892. 

Jan.       S 

•82 

+  -18 

4-  -60 

+  -09 

4-    19 

—  'lO 

4-    $2 

•66 

•00 

6 

—  '12 

4-62 

H-  -18 

-f  -58 

—   17 

—  '62 

—  -ID 

—  -40 

—  •03 

12 

—  -97 

+  -55 

—   17 

-f  -06 

+  -09 

—  40 

+  -54 

4-  -32 

4-  -02 

18 

-•67 

tz 

-f  -20 

+    11 

4-  -09 

-  -51 

4-  36 

4-  -oi 

—  -04 

20 

—   42 

+  -42 

—  -03 

4-  -31 

-•58 

—  -18 

—  -35 

4-  -01 

21 

-  -55 

—  .09 

-f  -44 

—  •OS 

+  •38 

-•36 

—   13 

4-  '33 

—  -03 

24 

—   99 

+  •12 

+  -05 

+  -39 

+  '37 

—  -26 

4-   16 

4-  -14 

—  "02 

27 

—  '67 

+  •" 

+  -39 

+  -54 

—  -09 

—  -22 

4-  -30 

-•38 

—  -oa 

Feb.       3 

—  -92 

+  •18 

-f  -19 

+  •58 

4.  -16 

—     19 

4-  -lo 

—   'lO 

t)0 

6 

-•46 

4-  -06 

+  '12 

+  'OS 

4-  -14 

-    52 

4-  -so 

4-  -14 

4- -03 

8 

— 1-17 

—  -07 

H-   '21 

+  -77 

4-  -04 

+  -39 

4-  -08 

—  27 

—  "02 

12 

— I'OI 

—  ''Z 

-f  -50 

-h  -50 

+  -93 

—  42 

—  -03 

—  -29 

4-  -OI 

»3 
Means 

-•64 

+  -4« 

-h  -39 

+  -17 

4-   -10 

—  -67 

4-  -45 

—  32 

—  -04 

—  701 

+  303 

-I-  -267 

4.  -269 

4-  -208 

—  342 

4-   190 

—  -203 

\ 

GROUP  VII. 


I89I. 

// 

// 

// 

// 

// 

// 

// 

// 

// 

Dec.    29 

— 0*60 

4-o'io 

4-0*02 

4-o'oa 

4-0-45 

—0-32 

4-032 

+0^02 

4-0^1 

1892. 

Jan.       5 

— 

•77 

—   16 

4.  -66 

4-  -17 

4-I-04 

—    S2 

4-  -16 

4-  -35 

4- -03 

II 

— 

•83 

4.  ^27 

—  •05 

4-  -61 

4-  '79 

-  '35 

—  '23 

—   25 

—  -04 

20 

— 

•30 

—  •08 

—  -39 

4-  -74 

4- -64 

-•64 

—  'lo 

4-  -17 

—  -04 

24 

•69 

—  ^07 

—    17 

4-  -30 

4-  -84 

-  -32 

—  -17 

4-  -27 

—  •©! 

Feb,       2 

•6s 

—  '12 

4-  -28 

4-  '05 

4-  79 

-  -25 

—  '37 

4-  -30 

4-^3 

3 

— 

29 

—    42 

—  -07 

4-  -43 

4-  -85 

—  '27 

—  '21 

—  -03 

—  -OI 

4 

— 

■U 

4-  -03 

—   06 

4-' -45 

4-  '57 

—  -14 

4-   -02 

—  -04 

•00 

8 

— 

—  -04 

—  '22 

—  '15 

4-  -90 

-  -75 

4-  30 

4-  -03 

—  -Of 

12 

+ 

•16 

—  '22 

—    42 

—  -30 

4- 1 01 

-  -45 

—  -02 

4-   26 

4-  ^ 

13 

•42 

—  -49 

H-  •" 

4-  -31 

4-  -62 

-.58 

4-  •" 

4-  '35 

4-  •01 

24 

-— 

•19 

-  -OS 

4-  'lO 

—  -09 

+  -63 

-  '39 

—  '17 

4-   16 

•00 

27 

— 

'49 

—  -12 

—  06 

—  -19 

4-  -89 

-  '05 

—  '07 

4-  .05 

—  Hi^ 

28 

-02 

4-  -03 
4-  -16 

—  -08 

—  04 

H-  70 

-  '53 

—  'I9 

4-  -n 

—  -02 

29 

— 

•56 

—   14 

4-  -16 

4-I-03 

—  42 

4-  -03 

—  28 

—  -02 

Mar,      I 

— 

24 

—  -28 

4-  -07 

4-  -07 

4-  70 

—  »66 

+  .15 

4-  -17 

—  '02 

2 

— 

'39 

4-  ^12 

—  -29 

4-  .31 

H-  '75 

-78 

4-  -14 

4-  -13 

—  -PI 

5 

— 

•38 

4-  -29 

—  -23 

4-  'lo 

4-  -64 

-  -54 

4-  'lo 

4-  -02 

•00' 

9 

+ 

V 

-  '55 

—  30 

4-  '33 

4-  -75 

-  '73 

•08 

4-  -14 

4- 'OS 

10 

— 

'89 

4-  -45 

—  -oa 

4-  -14 

4-  -87 

—   26 

—  M 

—  07 

—  xjr- 

13 

— 

31 

—  -23 

4-  -37 

4-  '31 

—  -01 

—  -75 

4-  -39 

4-   '21 

—  -oaE- 

16 

•31 

4-  -OI 

—   19 

—  -04 

4-  -81 

-  -69 

4-  -27 

4-  -14 

XX^' 

24 

Me^is 

•74 

H-  -31 

4-  •" 

4-    '20 

f  -56 

-  '54 

—   '29 

4-  -36 

-•P3P. 

•406 

—  -046 

—  068 

H-  -169 

4-  731 

—  488 

—  '010 

4-   "112 

J 
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Results  from  ob8ervaHan$far  the  vernation  of  latittide  at   Waikikij 

Mawaiian  I$Umd$. 

Beductions  to  mean  declination  system. - 

GROUP  VIII. 


Date 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Sum. 

189s 

t. 

// 

// 

// 

// 

// 

// 

// 

// 

Feb. 

3 

+0-63 

4-0-31 

-046 

— 0-04 

-0-59 

4-o-6i 

— 0*12 

—0-36 

— OX>2 

1 

12 

+  -41 

-h  -22 

—   60 

+   03 

—   29 

■f  -18 

4-  -lo 

—   <H 

4-  -01 

i 

27 

+  -44 

4-  -24 

—   30 

—  -47 

—  -20 

4-  -61 

4-  -33 

-•63 

4-  -02 

I 

28 

+  -«5 

-f  -oi 

-  -52 

4-   07 

—   29 

4-   '21 

4-  -25 

4-  -13 

4-  01 

<  Mar. 

3 

—    14 

—  -oi 

—   19 

+  -39 

—  -33 

-j-  *22 

-•36 

4-  -44 

4-   '02 

i 

5 

■f  -17 

-f  -27 

-•50 

+  -03 

4-  -25 

4-  -OS 

—   -26 

—   03 

—  -02 

9 

+  -07 

4-  -21 

-•6q 

-  -35 

—   17 

+  -59 

4- -15 

4-  -20 

4-  'OI 

1 

10 

-h-34 

—  -02 

—  72 

+  •07 

4-  -30 

08 

-  46 

4-  -60 

4-  -03 

23 

-f  -03 

+    69 

-   SI 

-  05 

—  17 

4-  *22 

4- -07 

—  -27 

4-  'OI 

24 

-|-   01 

—     14 

-  -37 

—  .04 

—  05 

•00 

4-  -26 

H-  -29 

—  04 

. 

29 

—   24 

4-18 

-  71 

—   16 

+  -35 

—  04 

—  -04 

4-  -66 

•00 

1 

30 

—  08 

4-  -25 

-  -43 

•—  -20 

-f  -35 

4-  -35 

4.  -09 

—  -32 

4-   'OI 

31 

+  -05 

+  •15 

—  74 

4-  -oi 

—  -39 

4  -35 

4-  -43 

4-  -13 

—  -OI 

Apr. 

9 

—  -41 

4-18 

11 

—  -08 

—   '20 

4-  -26 

4-  '21 

4-  -37 

—  -04 

19 

+  -25 

—  -23 

•66 

—   13 

4-  30 

-h  -34 

4-  -lO 

•00 

—  -03 

24 

•06 

4.  -18 

—   26 

4-   -22 

•09 

4-  -28 

—  -34 

4.  -07 

•00 

May 

2. 

—   -lO 

—  -27 

+   23 

—     19 

4-  -09 

+  -33 

—  -12 

4-  -OS 

4-  '02 

! 

5 

Means 

-h  -37 

+  •15 

-•64 

—    41 

-  15 

4-  -59 

—    09 

4-   -21 

+  03 

-f  -III 

4-    132 

—   469 

—  '072 

—  •071 

4.  -282 

-f   'Oil 

4-  083 

The  preceding  tables  give  the  following  summary : 

Reductions  to  mean  declination  system. 


Group. 

Pair— 

^ 

t. 

a. 

3- 

4 

5- 

(J. 

7- 

s. 

// 

// 

f/ 

// 

// 

// 

// 

// 

I 

—  'lO 

4- -20 

4- -05 

—  •04 

-•48 

-I-05 

4-33 

II 

—  •12 

4- -31 

—  •4a 

4- -42 

+  'I8 

—  59 

—  '22 

4- -43 

III 

—  •34 

+•05 

—  16 

-18 

4- -46 

—  •10 

4.  •40 

—-•12 

IV 

-•3« 

H--40 

+  •87 

—  •11 

-•69 

4-  -22 

-•55 

4- -24 

V 

4- -14 

H--I5 

—  •76 

4- -04 

4- -16 

4- -37 

—  -20 

4- -11 

VI 

—  •70 

4- -30 

4- -27 

4- -27 

4-  '21 

—  •34 

4- -19 

—  '20 

VII 

—  •41 

—  05 

—  •07 

4- -17 

4-73 

—  •49 

—  •01 

4- -11 

VIII 

4- -11 

+  •13 

—  •47 

—  07 

-•07 

4- -28 

4-'Oi 

4.  08 

The  foregorng  mean  corrections  being  applied  to  the  individual 
values  for  each  day,  and  the  daily  means  being  taken,  we  have  the  fol- 
lowing reduoed  values  for  each  group  and  date  of  observation : 
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U.  S.  COAST  AND  GEODETIC  SUEVEY. 

Corrected  daily  means. 


Date. 

Group 

No. 

of 

pain 

Groui 

.  No. 
'    of 
pairs 

Group 
III. 

No. 

of 

pain. 

Date.    . 

Groui 
I. 

,  No. 
*    of 
pain 

Grouc 
II. 

.  No. 
of 
paixi. 

Group 

m. 

No. 

of 

paim 

1891. 

// 

// 

// 

1891. 

// 

// 

// 

June    6 

4*  20 

6 

June  27 

4-35 

6 

4-43 

8 

7 

4-59 

7 

28 

470 

6 

4-23 

8 

8 

433 

7 

,  ,      30 

4-54 

6 

4-45 

8 

9 

452 

6 

July     4 

4*22 

7 

4*21 

7 

10 

4-37 

6 

4*26 

5 

7 

473 

3 

II 

4-50 

7 

429 

4 

8 

424 

7 

4-41 

8 

12 

4-43 

5 

17 

4-08 

5 

4*09 

8 

13 

4*59 

7 

4-56 

7 

18 

405 

8 

4-20 

8 

'5 

4*35 

6 

4-14 

I 

22 

432 

6 

4*26 

5 

16 

4-68 

6 

23 

424 

5 

4*34 

8 

17 

459 

7 

4*54 

7 

24 

4-08 

4 

443 

I 

18 

470 

7 

4-60 

8 

25 

375 

2 

19 

4-23 

6 

456 

6 

26 

4'22 

8 

417 

8 

22 

4*44 

7 

4-45 

7 

27 

432 

7 

405 

8 

24 

4-47 

6 

445 

4 

29 

404 

8 

391 

4 

25 

4-62 

2 

30 

4-12 

2 

427 

7 

26 

440 

7 

456 

8 

3» 

393 

3 

423 

2 

Date. 

Group 

n. 

No. 

of 

pairs. 

Group 
IlL 

No. 

of 

pairs. 

Group 
IV. 

No. 

of 

pairs. 

Date. 

Group 

No. 
of 

pairs. 

Group 
111. 

No. 

of 

pairs. 

Group 
IV. 

No. 

of 

pairs. 

1891. 

// 

// 

1891. 

// 

// 

// 

Aug.  2 

4-24 

7 

4*21 

7 

Aug.  25 

4*34 

7 

4-02 

8 

3 

4*20 

7 

4*26 

6 

26 

4-21 

8 

4 

4-08 

7 

29 

403 

8 

3-66 

8 

^ 

4*16 

8 

4*12 

8 

31 

424 

7 

419 

7 

6 

411 

8 

423 

5 

Sept.   2 

4-06 

8 

414 

8 

7 

3*99 

7 

4-21 

7 

6 

4*20 

6 

4*12 

7 

10 

4-15 

8 

4'12 

7 

9 

424 

8 

389 

8 

II 

428 

2 

12 

4'0o 

7 

3-88 

8 

12 

387 

I 

15 

409 

6 

379 

8 

13 

4*02 

8 

407 

8 

18 

4-08 

8 

14 

403 

8 

378 

8 

19 

4*10 

8 

373 

7 

15 

4'02 

7 

4*21 

8 

23 

387 

3 

363 

8 

16 

399 

8 

4-19 

8 

26 

408 

8 

381 

8 

20 

4' 10 

7 

3*94 

8 

27 

398 

7 

376 

7 

22 

4'2t 

7 

3-80 

2 

28 

4-18 

8 

3-65 

8 

23 

4-14 

7 

4-10 

8 

Date. 

Group 
IV. 

No. 
of 

pairs. 

Group 
V. 

No. 
of 

pairs. 

Group 
VI. 

No. 
of 

pairs. 

Date. 

Group 
IV. 

No. 
of 

pairs. 

Group 
V. 

No. 

of 

pairs. 

Group 
VI. 

No. 
fii 

pairs. 

1 891. 

// 

// 

// 

1891. 

// 

ft 

// 

Oct.  4 

4*o6 

8 

392 

8 

Nov.  13 

409 

4 

407 

7 

5 

3-84 

8 

4*01 

8 

14 

3.92 

8 

408 

8 

8 

3-86 

8 

404 

8 

15 

363 

2 

10 

4-00 

6 

16 

3'20 

I 

14 

379 

2 

17 

4*02 

8 

4*16 

8 

16 

372 

7 

398 

7 

19 

407 

8 

394 

7 

17 

356 

2 

21 

4-10 

8 

4*12 

8 

22 

3'^ 

6 

4*06 

I 

23 

415 

8 

28 

3-86 

8 

394 

3 

30 

389 

7 

4-00 

7 

30 

419 

8 

4'Oi 

8 

Dec.  I 

4-07 

3 

4-07 

7 

31 

392 

8 

3.96 

8 

5 

387 

5 

391 

7 

Nov.  I 

3'9» 

8 

399 

8 

6 

3*99 

6 

4 

382 

8 

3.99 

7 

9 

431 

7 

3-98 

7 

6 

4-04 

8 

403 

8 

10 

428 

8 

418 

3 

7 

3'5J 

7 

12 

4-30 

8 

4»5 

8  . 

10 

348 

4 

13 

413 

3 

j     »j 

3-60 

5 

4*22 

2 

* 
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R€9ulis  from  obaervations  far   the  variation  of  latitude  at  Waihikij 

Hatcaiian   Islands, 

Corrected  daily  means. 


Date. 

Group 

No.  of 

Group 

No.  of 

Group 

No.  of 

Group 

No.  of 

V. 

pairs. 

VI. 

pairs. 

VII. 

pairs. 

VIII. 

pairs. 

1891. 

if 

// 

// 

// 

Dec.     15 

4'O0 

8 

404 

8 

- 

*7 

4'2I 

5 

19 

414 

6 

4*21 

5 

21 

4'12 

8 

23 

4*21 

8 

4'20 

8 

24 

393 

7 

392 

I 

25 

417 

8 

415 

5 

26 

4'20 

^    8 

4*22 

8 

27 

3-59 

2 

28 

3-99 

I 

427 

7 

29 

4-03 

8 

4-19 

8 

4-60 

8 

30 

4*12 

8 

404 

7 

1892. 

Jan.        I 

387 

2 

2 

469 

I 

5 

465 

7 

392 

8 

384 

8 

6 

398 

8 

378 

7 

10 

3'9^ 

7 

489 

I 

II 

4' 20 

6 

424 

8 

12 

4*43 

8 

419 

5 

15 

433 

3 

16 

394 

2 

18 

4-30 

8 

4*59 

4 

«9 

3-88 

5 

20 

4*12 

8 

4-04 

8 

21 

4'0o 

8 

423 

5 

23 

4*20 

7 

4.30 

7 

24 

3*97 

8 

4-40 

8 

25 

4'i6 

7 

4*46 

7 

27 

476 

8 

4-43 

6 

Feb.       2 

4-36 

I 

4-57 

8 

3 

4*12 

8 

4-53 

8 

449 

8 

4 

4-40 

7 

442 

C 

6 

4-24 

8 

4*26 

5 

8 

419 

8 

4.42 

8 

440 

7 

I>ate. 

Group 
VI. 

No. 

of 

pairs. 

Group 
VII. 

No. 

of 

pairs. 

Group 
VIII. 

No. 

of 

pain. 

Date. 

Group 
VI. 

No. 

of 

pairs. 

Group 
VII. 

No. 

of 

pairs. 

Group 

viii: 

No. 

of 

pairs. 

1892. 

// 

// 

fi 

1892. 

// 

// 

// 

Feb.  1 1 

425 

1 

Mar.  5 

4*86 

8 

507 

8 

12 

4-51 

4*34 

8 

4'40 

8 

8 

478 

7 

>3 

4-00 

8 

4.42 

8 

9 

- 

436 

8 

479 

8 

14 

4-23 

6 

479 

I 

10 

470 

8 

4*66 

8 

19 

4*36 

6 

n 

4*6 1 

8 

4-52 

7 

20 

4-39 

6 

438 

7 

14 

477 

7 

475 

2 

21 

4*22 

6 

4.67 

5 

4-69 

7 

16 

471 

8 

418 

I 

22 

4*34 

7 

19 

472 

5 

23 

4*  10 

7 

4*88 

7 

438 

7 

20 

4*68 

6 

24 

473 

8 

21 

4-87 

7 

4*8o 

6 

26 

4*67 

5 

23 

475 

8 

27 

4-66 

8 

456 

8 

24 

484 

8 

472 

8 

28 

4-54 

8 

477 

8 

29 

4*66 

6 

476 

8 

29 

4-56 

8 

483 

7 

30 

5-08 

4 

4*71 

8 

Mar.  I 

470 

8 

31 

* 

474 

7 

4-81 

8 

2 

4-59 

8 

478 

8 

Apr.  6 

4-70 

6 

4 

485 

7 

\    \     \    \ 
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Corrected  daily  metms. 


Date. 

Group 
VTII 

No. 
of 

Group 
1. 

No. 
of 

Group 
II. 

No. 
of 

Date. 

Group 

viii: 

No. 

of 

Group 
I. 

No. 
of 

Group 

No. 
of 

T  AAA. 

pain. 

pairs. 

pairs. 

pain. 

pairs. 

pairs. 

1892. 

// 

// 

// 

1892. 

// 

// 

// 

Apr.   9 

498 

8 

476 

7 

May  2 

475 

8 

10 

S-25 

I 

4 

448 

7 

469 

7 

13 

442 

2 

5 

471 

8 

477 

7 

14 

4«3 
4-48 

5 

6 

483 

4 

15 

3 

7 

4*99 

I 

16 

438 

5 

478 

4 

9 

478 

5 

4-41 

7 

17 

444 

5 

10 

472 

5 

452 

2 

18 

4«l 

5 

II 

4-65 

5 

19 

4*68 

8 

4-68 

7 

^ 

«3 

4-43 

7 

• 

20 

4-83 

4 

14 

463 

6 

4-45 

7 

21 

480 

5 

»S 

469 

5 

440 

7 

23 

4«4 

6 

471 

6 

18 

472 

6 

4'8o 

7 

24 

4-66 

8 

472 

7 

21 

480 

7 

25 

4-84 

7 

467 

6 

22 

A'dH 

5 

479 

7 

4.87 

8 

29 

4-45 

3 

23 

481 

5 

473 

6 

May  1 

469 

4 

4*60 

6 

DatA 

Group 

No.  of 

Group 

No.  of 

Date. 

Group 

No.  of 

Group 

No.  of 

I. 

pairs. 

II. 

pairs. 

I. 

pairs. 

11. 

pairs. 

1892. 

// 

// 

1892.  ' 

// 

// 

May    24 

4-61 

June     II 

440 

7 

411 

8 

25 

460 

434 

8 

12 

4*66 

3 

26 

456 

>3 

465 

4-68 

5 

27 

440 

14 

451 

4*28 

2 

28 

4-62 

430 

8 

17 

4*61 

|B 

489 

I 

29 

474 

18 

474 

470 

8 

30 

443 

«9 

504 

June      3 

4-66 

22 

446 

4 

4-66 

23 

367 

I 

5 

472 

24 

427 

6 

4*62 

25 

4-53 

4-43 

8 

7 

4-45 

6 

4*44 

8 

In  order  now  to  connect  the  groups  and  reduce  each  one  to  the  first 
taken  as  a  basis  of  comparison,  the  weighted  means  are  taken  for 
those  parts  of  the  preceding  table  which  overlap,  and  we  thus  get  the 
following  group  connections  with  their  respective  weights.  The  num- 
bers of  pairs  indicate  the  weight,  and  are  placed  to  the  right  of  the 
quantities  to  which  they  apply. 
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The  correlative  equations  are — 


V 

k, 

k. 

k. 

k4 

ks 

I 

2-1 

+1 

+  1    ' 

0-226 

3-2 

+  1 

•i3« 

4'3 

+  1 

•163 

5-4 

+  1 

•175 

6'5 

+  1 

+1 

•147 

7*6 

+  1 

-f-i 

+  1 

•126 

8-7 

4-1^ 

+  1 

•107 

1-8 

+1 

+  1 

•155 

2*1 

— I 

•225 

7-5 

—I 

I'OIO 

8-6 

— I 

•392 

2-8 

• 

— 1 

2-250 

From  which  the  following  normal  equations  are  derived 


k, 

k. 

k. 

k4 

k« 

» 

// 

+  1-23 

4-0-23 

-fo-27 

-fo-23 

-fo-38 

— 4--OI 

4-0-45 

•00 

•00 

4-0-23 

— 4--o8 

+128 

+  -13 

•00 

4--I5 

-f-  -62 

•00 
4-2-63 

—     -oo 
—•32 

The  solution  gives — 


ki 

—  — 

0-0IQ3 

k« 

-+ 

•257 

kf, 

=+ 

•119 

k4 

—  — 

-0192 

k6 

—  — 

-140 

The  adjustment  of  the  outstanding  differences  brings  out  th^  follow- 
ing equations: 


// 


// 


II—      I  =  — -05(1891) 

II—     I  =  —  -13(1892) 

III         II  —  4-  04 

IV—    III  =  —  -25 

VII           V  —       02 

V—     IV  — 4--15 

VI—       V  =  — 04 

VIII  —     VI  =  4-  -22 

VII—     VI  — 4-17 

mi—  VII  — 4- -05 

II  — VIII  =  4- -13 

I  — VIII— —  -06 

Z       =  4-  -oi 

The  error  of  closing  may  result  from  errors  of  observation  or  fironi  a 
slight  error  in  the  constant  of  aberration.  If  the  accepted  constant 
(20''-445)  is  too  small,  as  seems  to  be  indicated  by  other  observations, 
then  there  must  have  been  some  compensation  in  the  observing^  be- 
cause the  outstanding  error,  +'01,  is  practically  insignificant. 

As  several  determinations  of  the  constant  of  aberration  give  a  value 
not  far  from  20''*50,  it  is  worth  while  to  see  what  effect  this  value  would 
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Rmltt  from  observations  for  the  variation  of  l4ititude  at  Waihihiy 

Hawaiian   Islands. 

bare  if  introduced  in  the  compatatiou  of  the  apparent  places  of  the 

Stan. 

To  this  end  all  those  values  of  the  terms  inyolving  the  constant  of 

aberration  for  the  dates  of  observation  common  to  two  successive  groups 

were  tabulated.    Taking  a  mean  for  the  two  stars  of  each  pair  and  the 

difference  between  the  corresponding  pairs  of  successive  groups,  the 

final  mean  values  gave  the  following  effect  of  those  terms  on  the  group 

oonn^tions: 

I         II         III         IV         V        VI         VII         VIII         I  II 

4//.5    3'A6      V^-3     4'''o   4''-9     4'^-5       a^'S        3^^'S  S''"^ 

Had  we  used  a  value  of  2^*50  in  the  reduction  of  the  star  places  the 
effect  on  the  group  connections  would  have  been — 

^       multiplied  by  the  above  numbers,  or  — ^  x  4"'6,  etc.,  as  follows: 
A  20-46  ' 

I  II  III  IV  V  VI  VII  VIII  I  II 

//•OI2     ''"OIO        ^^'012       ^^'OII      ''•013       ^''012         ^^'012  ^''009     '''014 

The  sum  of  these  is  +^'*10,  so  that  if  we  accept  the  supposed  value  of 
the  aberration  constant  there  would  remain  an  outstanding  error  of 
-^"•Vl  from  observation  arising  from  the  uncertainty  of  the  group  con- 
nectionB.  If  we  admit  a  certain  compensation  in  the  errors  of  observa- 
tion then  the  above  investigation  would  rather  confirm  the  value 
2C-445,  or  at  least  indicate  that  it  should  not  be  changed  more  than 
one  or  two  hundredths. 

The  Talaes  of  ki,  kt,  ks,  k4,  and  k^,  being  substituted  in  the  correlatives, 
give  the  following  values  for  Y : 


V 

2-1 

3*2 

4-3 
5-4 
65 

7-6 


// 

+•022 
— '003 
— •003 
— '003 
-h'Oi5 

-f'OIO 


V 

87 
1-8 

(2-1) 

7*5 
8-6 

2-8 


// 

— •004 
— '025 
—•058 

— '120 

-j--oo8 
+-3>4 


and  the  corrected  reductions  between  the  groups 


r 

R 

+ 

^~ 

// 

// 

2' I 

0-072 

3*2 

0043 

4-3 

•247 

5-4 

•153 

6-5 

•055 

7*6 

•160 

87 

•054 

1-8 

•035 

Sum 

0409 

0-410 
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The  final  corrections  therefore  to  redace  the  different  groups  to  on^ 
homogeneoas  system  ure— 


// 

1=     o-oo 
11  =  4-  07 

III  =  -f  03 

IV  =  +   28 


// 

V  =  -f  0-I3 

VI  =  4-     18 

VII  =  -|-    02 

VIII  =  —    04 


Applying  these  to  the  daily  means  of  the  groups,  each  one  of  whio^ 
has  been  reduced  to  its  own  mean  declination  system,  we  get  the  Col- 
lowing  table.    Each  individual  value  is  introduced  with  its  appropri^^ 
weight. 


Date. 

L«t. 

Pairs. 

Date. 

Lat. 

Pairs. 

Date. 

Lat 

pa^ 

1891. 

ft 

1891. 

// 

1891. 

// 

June      6 

4'20 

6 

Aug.     20 

418 

15 

Dec.     10 

439 

I    : 

7 

4*59 

7 

22 

4' 20 

9 

12 

438 

I  -- 

8 

433 

7 

23 

428 

IS 

13 

425 

9 

4-52 

6 

25 

4'33 

15 

15 

417 

i^ 

10 

4-35 

II 

26 

424 

8 

17 

4-33 

II 

4-45 

II 

29 

4-00 

16 

19 

4"32 

I  > 

12 

4-43 

5 

31 

437 

14 

21 

424 

^ 

13 

4*61 

14 

Sept.      2 

4*26 

16 

23 

436 

i^ 

15 

4*33 

7 

6 

432 

13 

24 

4-06 

^ 

16 

4-68 

6 

9 

4*22 

16 

25 

431 

13 

17 

4'6o 

14 

12 

4' 10 

15 

26 

436 

lai 

18 

4-68 

15 

15 

409 

14 

27 

371 

•X 

19 

4*43 

12 

18 

4H 

8 

28 

4*41 

8 

22 

448 

14 

19 

407 

IS 

29 

438 

24 

24 

4*49 

10 

23 

3-91 

II 

30 

423 

15 

25 

4*62 

2 

26 

4*10 

16 

1892. 

26 

452 

»5 

27 

403 

H 

Jan.        I 

399 

2 

27 

4*44 

14 

28 

407 

16 

2 

4-8i 

I 

28 

4-47 

14 

Oct.       4 

419 

16 

S 

4-22 

23 

T     ,              ^"^ 

4-53 

14 

5 

4-13 

16 

6 

3*99 

15 

July       4 

427 

14 

8 

415 

16 

10 

4-24 

8 

7 

4'8o 

3 

10 

4-28 

6 

II 

431 

14 

8 

438 

15 

14 

407 

2 

12 

446 

13 

17 

413 

13 

16 

405 

14 

IS 

4SI 

3 

18 

4*18 

16 

17 

384 

2 

16 

4*12 

2 

22 

4-34 

II 

22 

4*12 

7 

18 

452 

12 

23 

4-35 

13 

28 

4*12 

II 

19 

4'o6 

5 

24 

4*21 

5 

30 

430 

16 

20 

418 

16 

25 

382 

2 

31 

414 

16 

21 

.4*21 

13 

26 

4-25 

16 

Nov.      I 

4'5 

16 

23 

4-35 

14 

27 

423 

15 

4 

4'io 

IS 

24 

429 

16 

29 

405 

12 

6 

424 

16 

25 

441 

14 

30 

428 

9 

7 

382 

7 

27 

473 

14 

31 

4' 10 

S 

10 

376 

4 

Feb.       2 

458 

9 

Aug.      2 

428 

H 

12 

4'Oi 

7 

3 

4-43 

24 

3 

428 

13 

13 

4' 26 

II 

4 

451 

15 

4 

4»5 

7 

14 

4-20 

16 

6 

4*37 

13 

15 

3-91 

2 

8 

4*39 

23 

5 

419 

16 

16 

348 

I 

II 

4*43 

3 

6 

4-21 

13 

17 

429 

16 

12 

4-47 

24 

.    7 

415 

14 

19 

4'i6 

15 

13 

4-31 

16 

10 

419 

15 

21 

4*26 

16 

14 

4-47 

7 

II 

4-35 

2 

23 

427 

8 

19 

4-38 

6 

12 

394 

I 

30 

4' 10 

14 

20 

4-48 

13 

13 

410 

16 

Dec.      I 

4-23 

10 

21 

4S8 

18 

14 

y¥> 

16 

5 

405 

12 

22 

452 

7 

15 

417 

15 

6 

411 

6 

23 

451 

21 

16 

414 

16 

*            9 

4-30 

14 

24 

47S 

8 
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Ms  from  observations  for    the  variation  of  latitude  at  Waikikiy 

Hawaiian  Islands, 


Date. 

L»t 

Pairs. 

1892. 

// 

'ch.    26 

469 

5 

27 

4'6o 

16 

28 

4-65 
4*6$ 

16 

29 

15 

lar.      I 

472 

8 

2 

4-68 

16 

4 

4-87 

7 

5 

496 

16 

8 

474 

7 

9 

4-57 

16 

10 

467 

16 

«3 

456 

15 

«4 

477 

9 

16 

4*66 

9 

19 

474 

5 

20 

470 

6 

21 

483 

13 

23 

471 

8 

24 

477 

16 

29 

470 

14 

30 

4'8i 

12 

3« 

477 

15 

pT.        6 

4-66 

6 

.     9 

4-86 

15 

10 

5'2I 

I 

«3 

4-3« 

2 

Date. 


1892. 
Apr.   14 

f6 

17 
18 

19 
20 

21 

23 

24 

25 

29 
I 

2 
4 

5 
6 

7 

9 
10 

II 

13 
14 

IS 
18 

21 


May 


LaU 

1 
Pairs. 

// 

479 

5 

4-44 

3 

4-54 

9 

440 

5 

477 

S 

4-66 

«5 

479* 

4 

476 

5 

476 

12 

4-67 

»S 

474 

13 

4*41 

3 

4*62 

10 

471 

8 

4-57 

14 

472 

15 

479 

4 

4*95 

I 

4-55 

12 

463 

7 

4*6 1 

5 

4*43 

7 

4-51 

13 

450 

12 

474 

13 

480 

7 

Date. 

Lat. 

Pairs. 
20 

1892. 
May     22 

// 
481 

23 
24 

475 
4*61 

II 

26 

450 
.  456 

15 

27 
28 

440 
4*49 

15 

29 

474 

30 
June      3 

4 

4*43 
4*66 

4-66 

5 

6 

472 
4-62 

7 
II 

4-48 
4-28 

14 

15 

12 

4*66 

»3 
14 

•     17 
18 

4-69 
4-46 
4-65 
476 

12 
15 

«9 
22 

504 
446 

23 

3"74 

24 

427 

25 

4-5' 

15 

xese  being  collected  for  abort  intervals  in  snch  a  way  as  to  give 
It  eqnal  weights  for  each  period '  as  regards  nights  and  pairs,  we 
e  the  following  table  for  the  variation  of  the  latitude  of  Waikiki 
&  Jime  8, 1891,  to  June  21, 1892. 

Irom  the  preceding  method  of  redaction  it  will  be  seen  that  these 
168,  as  far  as  concerns  the  changes  of  latitude,  are  entirely  free 
Q  errors  of  declination* 


)ite. 

Lat 

Prs. 

Nts. 

Date. 

Lat. 

Prs. 

NU. 

Data. 

Lat. 

Prs. 

1 

Nts. 

891. 

// 

1891. 

// 

1892. 

// 

te     8 

441 

48 

6 

Oct.    24 

417 

52 

5 

Feb.   25 

4*59 

57 

5 

14 

4-55 

46 

Nov.    3 

4*i6 

47 

3 

29 

4*68 

55 

4 

21 

4-53 

51 

10 

409 

45 

5 

Mar.     7 

478 

46 

4 

27 

4-48 

45 

18 

4*21 

50 

5 

12 

465 

40 

3 

f     8 

4-36 

59 

30 

414 

5? 

5 

20 

474 

41 

5 

21 

4-28 

40 

Dec.  13 

4-30 

58 

5 

27 

476 

42 

3 

26 

4-21 

38 

21 

4-28 

61 

6 

Apr.     7 

476 

47 

7 

l     I 

4*21 

53 

27 

435 

50 

4 

18 

464 

43 

6 

6 

418 

50 

1892. 

26 

470 

43 

4 

12 

4-09 

50 

Jan.      2 

423 

41 

4 

May     3 

4-65 

47 

4 

18 

4'l6 

46 

II 

425 

55 

6 

10 

4*57 

49 

7 

24 

4-27 

47 

20 

4*26 

46 

4 

18 

472 

52 

4 

t     2 

423 

59 

24 

4-35 

44 

3 

25 

458 

45 

5 

13 

4-M 

53 

31 

4-55 

47 

3 

June     2 

4*62 

45 

7 

23 

4-04 

5S 

Feb.     6 

442 

51 

3 

II 

448 

51 

5 

I 

413 

48 

3 

12 

4-41 

43 

3 

21 

456 

54 

7 

12 

413 

38 

4 

18 

4-5 » 

44 

4 

1 

^ 

^       \ 
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The  preceding  values  are  shown  graphically  in  illustration  Ko.  15. 

It  is  evident  that  a  sine  curve  follows  in  a  general  way  the  law  of 
the  variation  of  the  latitude.  Coefficients  for  this  equation  were  first 
determined  assuming  a  period  of  415  days  for  the  complete  revolution 
of  the  axis  of  rotation  about  that  of  the  earth's  figure.  This  brought 
out  the  fact  that  the  period  chosen  was  entirely  too  long,  and,  moreover, 
that  a  second  periodic  term,  depending  on  the  cosine,  would  materially 
improve  the  agreement  between  the  empirical  formula  and  the  actual 
observations..  This  change  being  made,  revealed  the  necessity  of 
another  slight  change  in  the  period,  and  one  of  378  days  waa  used* 

The  equation  of  the  curve  is  : 

<^ ss ^o — 0''-311  sin.  nt  +  0''037 cos.  n U 

This  was  deduced  by  a  method  of  approximation  devised  to  suit  this 
particular  case,  and  very  similar  in  its  application  to  Canchy's  method. 
It  was  hardly  thought  worth  while  to  make  a  rigorous  adjustment  of 
the  49  conditional  equations  involved,  because  this  curve  fits  the 
observations  passably  well.  There  are  22  above,  25  below,  and  2  on 
the  line. 

In  order  to  apply  the  method  of  least  squares,  and  to  test  whether 
there  are  periodic  terms  dei>ending  on  the  sines  and  cosines  of  multiple 
angles  of  sufficient  magnitude  to  influence  the  curve  within  the  limit 
of  errors  of  observation,  a  still  further  contraction  of  the  above  valuer 
was  made.  Taking  Uie  means  of  successive  groups  of  four  and 
allowing  them  equal  weight  we  have  the  following  mean  dates  and 
values  of  the  latitude: 


Date. 

Latitude. 

Date. 

Latitude. 

1891 

// 

1892 

// 

June     18 

24-492 

Jan.       7 

24-272 

July      22 

•265 

Feb.       3 

•432 

Aug.     IS 

•175 

Feb.     27 

640 

Sept.    17 

•13s 

Mar.    24 

•728 

Oct.      28 

'I38 

May       3 

•656 

Dec.       5 

•232 

June      7 

•560 

According  to  Fourier's  theorem 

/((p)  =  X  +  *i  sin  {ai+(p)  +  hi  sin  (af  +  2^)  +  ^  sin  (03+ 3^}  + etc. 

Substituting  the  above  values  of  the  latitude  for  f{<p)f  the  mean 
value  plus  a  small  correction  (rp)  for  X,  and  putting  the  angular  value 
of  ^  in  degrees  for  tp  at  the  different  dates  counted  fix>m  July  0, 1891, 
on  the  supposition  of  a  period  of  381  days,  we  have  12  conditional 
equationsi  of  which  the  first  is : 


if 

+.098: 


:  JT  4-  Ai  sin  tfi  cos  349^  -|-  ^1  cos  a\  tin  349* 
-f  ^  sin  Of  cos  338^  -\'lUociiia%w^  338^ 
-{-  As  nn  Of  cot  327®  -^  ^  ^^  ^  *^  3^ 
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When  the  namerical  valaes  for  the   trigonometrical  fanctions  are 
employed  and  we  nse  y  for  &  sin  a  and  z  for  h  cos  a  the  equations  take 
the  following  form : 
// 


X 

+  12 


-f--098      jr+   -pSay, 

,  —  •19111+   •927J^  —  •375«i  +  •839>!i  — '545*» 

—  •i29=*-f    934 

+  •358    +   743    +669    +   -454    +891 

—  •219  =  or -f   731 

-|-*682    4-   'oyo    H-'998    —  "629    -1-777          • 

—  •259  =  *-!-    259 

+  •966   —  -866    -f-'Soo   —  707    — 707 

—  •256  =  x—    391 

+  •920   —  -695    —719    +   -934    —-358 

—  -162  =x—   -857 

+  -5»S    +    469    --883    +   -052    -f-999 

-122 — X —  I-OOO 

•000     -f-I*000            'OOO     — I'OOO            'IXXJ 

-f  •038  =  x-    899 

—  •438  +  -616   +788  —  -208  —-978 

4- •246  =  4:—   '656 

—  755   —  ''39    +-990   4-  -839    —-545 

4--334==Jf—   -292 

—  •956   —  -829    -f--559   +  777    +629 

-f  •262=4r-f-   -358 

—  •934   —  743    —-669   —  -891     -I--454 

4--i66==jr4-   -809 

— -sss  +  -309  —-951  —  -309  --951 

ese  the  following  normal  equations  are  derived: 

yi               «i 

yt             »3            y*             H     =     i 

—   '022        —  -421 

+  -826     -h  -907      -h   IS'      —  '334     —0-003 

+6-43        +  -451 

-f  -064      —  -374      +  -036      -h  -413      +0045 
-f    043      —   082      —  -494      -f-  -828      — 1-648 

+5-57 

4-5.60        —   040      —  -264      —    137      —0-248 

4-6-40        -f-  -280      -f-  -237      —0-017 

4-5-92        —  -199      4-0-393 

4-6*o8        —0-225 

The  diagonal  coefficients  are  so  much  superior  to  any  of  the  side 
ones  that  the  indirect  method  of  elimination*  can  be  readily  applied, 
and  we  have^  accurately  enough  for  our  purpose,  the  following  values: 


X  : 

yi 

»i 
y^ 


—  008 

-I--028 

—  295 

—  .039 


Si 

yt 

Sa 


—  -006 

4-  040 

4- '001 


substituting  these  we  get 


«3 


174  35 
81  15 

8834 


4- -297 
—  039 
+  040 


The  substitution  of  the  above  quantities  in  the  12  conditional  equa- 
tions gives  fbe  following  residuals: 


0-024 

0-007 

•027 

•020 

•003 

-017 

•022 

•007 

•032 

•013 

•032 

•003 

If  m  s=  the  number  of  equations  and 

/« s=  the  number  of  constants  to  be  determined, 


*  Pie  AnBgUichungBTechnnngen,  etc.,  yon  Chbrling,  p.  ^8l^« 
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the  probable  error  of  one  determination  is 

0-675  JS: 

from  the  above  residuals  we  get  r  =  ±  0.''021 

Substituting  the  values  of  the  constants  in  Fourier's  theorem 

//  //  o      / 

/  (9)  =  24-386  +0-297  sin  (174  35  +     <p) 

-  -039  sin  (  81  15  +  2  ^) 
+  -040  sin  (  88  34  +  3  <p) 

and  the  formula  becomes 

//  //  // 

Latitude=24*386+0!028  cos    ^—0-297  sin     qt. 

-  -039  cos  2  (p^  -006  sin  2  ^. 
+    040  cos  3  ^+  .001  sin  3  <p. 

This  equation  is  shown  graphically  in  illustration  No.  16  as  well  as 
the  observational  values  from  which  it  was  derived. 

The  first  differential  coefficient  becomes  zero  at  71.4^  and  at  261.3^. 
Hence  there  is  a  minimum  at  September  14, 1891,  and  a  mazimom  at 
April  2, 1892.    The  amplitude  is  0."621. 

Of  course  a  still  closer  agreement  could  be  made  by  using  the  quad- 
ruple angle  and  so  on  until  we  should  arrive  at  the  number  of  condi- 
tional equations.  Just  how  fiEur  this  approximation  must  be  cairied  in 
order  to  bring  out  the  real  facts  of  the  case  can  only  be  determined  by 
appealing  to  the  observations  themselves.  Some  light  is  thrown  on  the 
subject  by  noting  the  concordance  between  theory  and  observation  for 
successive  applications  of  multiple  angles.  To  this  end  are  shown  in 
illustrations  l^o.  17  and  l^o.  18  the  curves  for  equations  depending  on 
the  single  and  double  angles,  and  also  a  superposition  of  one  over 
the  other  for  the  sake  of  direct  comparison. 

In  the  adjustment  by  least  squares,  when  we  have  arrived  at  such  a 
point  that  the  probable  error  of  one  of  the  conditional  equations  is 
practically  equal  to  that  calculated  independently  from  the  errors  of 
observation  and  declination,  we  may  safely  conclude  that  a  suflBcient 
number  of  constants  have  been  employed,  and  that  all  £ek4s  have  been 
brought  out  which  the  accuracy  of  the  observation  warrants. 

In  the  present  case  we  have  the  following  criterion.  From  the  63 
pairs  of  stars  used,  the  average  probable  error  of  a  declination  is 
0.''257  and  that  of  the  mean  of  two  declinations  would  be  0.''181.  The 
probable  error  of  observation  as  already  given  is  0.^^155,  so  that  the 
result  of  one  determination  of  latitude  would  be  subject  to  an  error 
of  V0.181»+0.*165  or  0.''238.  Each  one  of  the  latitudes  used  in  forming 
the  conditional  equations  is  the  result  of  combining  about  200  individual 
determinations;  so  that  we  should  expect,  since  the  precision  increases 
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as  the  sqaare  root  of  the  number  of  observations,  a  probable  error  of 
0/'017  for  each  one  of  these  coUective  results.  As  a  matter  of  fact  the 
least  square  work  gives  0/^021  for  this  quantity,  so  that  we  may  con- 
sider that  the  constants  employed  are  sufficient  and  necessary  to  ex- 
press the  observations.  The  use  of  the  triple  angle  is  therefore  justi- 
fied, and  the  introduction  of  constants  terminates  here. 

Before  closing,  it  should  be  added  that  the  difference  of  about  0."5 
between  the  determinations  of  Dr.  Marcuse  and  my  own  is  due  to  two 
causes:  the  position  of  the  observatories  and  the  adopted  star  places. 
The  Coast  and  Geodetic  Survey  observatory  was  0.''3  south  of  that 
of  the  International  Association  (see  illustration  No.  11),  and  the  dec- 
liDfttioDS  deduced  by  Mr.  Farquhar  for  the  J3radley-Auw6rs  stars 
account  for  the  remainder. 
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APPENDIX  No.  3—1892. 


ON  THE  RESULTS  OF  SPIRIT  LEVELING  OF  PRECISION  BETWEEN  OKO- 
LONA,  MI8S.,  AND  ODIN,  ILL.,  FROM  OBSERVATIONS  MADE  BY  J.  B. 
WEIR,  ASSISTANT;  ISAAC  WINSTON  AND  P.  A.  WELKEE,  SUBASSIST- 
ANTS,  AND  F.  A.  YOUNG,  AID. 


A  report  by  Charles  A.  Sciforr,  Aosistaiit,  and  Chief  of  the  Computiug  DiTisiou. 

Submitted  for  publication  December  20,  1892. 


I  have  the  honor  to  submit  herewith  a  report  ou  the  results  of  spirit 
leveliDg  of  precision  between  Okolona,  Miss.,  and  Odin,  111.  This  is  in 
continuation  of  the  exact  leveling  between  the  Gulf  of  Mexico  (at  Biloxi 
and  Mobile)  and  St.  Louis,  Mo.  The  latter  place  is  reached  flrom  Odin 
by  the  levels  along  the  the  thirty-ninth  parallel.  Eespecting  the  start- 
ing point,  Okolona,  see  iny  report  of  September  28, 1888,  and  for  Odin 
and  St.  Louis,  see  Appendix  No.  8,  G.  and  G.  S.  Bep.  for  1882,  p.  555. 

Route  line. — From  Okolona  the  line  follows  the  Mobile  and  Ohio 
Railroad  to  Gorinth,  Miss.,  and  Jackson,  Tenn.;  thence  by  the  Illinois 
Central  Railroad  to  Gairo,  111.,  and  Villa  fiidge,  III.  (close  to  it);  from 
here  it  continues  by  the  same  road  to  Odin,  lU.;  thence  to  St.  Louis, 
Mo.,  along  the  Ohio  and  Mississippi  Railroad.  See  accompanying  dia- 
gram (illustration  No.  19). 

The  distances  are  as  follows : 

Biloxi  (Tidal  mark)  to  Mobile  (A)  94*3  km.  or    58-6  st.  miles. 

Mobile  (A)  to  Okolona  (K)  4235  263- 1 

Okolona  (K)  to  Greenfield  (XV)  265*4  164-9 

Greenfield  (XV)  to  Villa  Ridge  (Za)  128- 1  79  6 

Villa  Ridge  (Z3)  to  Odin  (M3  or  V)  1760  109-4 

Total  from  Biloxi  to  Odin,  i  0873  675-6 

Observers  and  dates. — Section  I,  from  Okolona,  Miss.,  to  Jackson, 
Tenn.:  forward  measure  by  Subassistant  J.  Winston,  backward  meas- 
ure by  Mr.  F.  A.  Young,  and  from  Jackson,  Tenn.,  to  Greenfield,  Tenn., 
backward  by  Winston  and  forward  by  Young;  between  October,  1889, 
and  March,  1890.  Section  II,  i^om  Greenfield  to  Villa  Ridge,  111. :  for- 
ward and  backward  measures  by  Subassistants  Winston  and  P.  A. 
3.  Ex.  87 — 11  \^V 
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Welker,  between  October,  1888,  and  January,  1889.  Sectiorx 
Villa  Bidge  to  Odin,  111.,  between  April  and  June,  1885,  A^ 
B.  Weir,  observer. 

Instruments  and  method  of  observing. — Section  I  was  raa  j 
ently  forward  and  backward,  tlie  observers  changing  din 
Jackson.  'Winston  used  geodetic  micrometer  level  No.  5  an 
used  No.  6;  these  levels  were  made  at  the  Survey  Office  in  ISd 
lion  II  was  run  twice,  independently,  once  forward  and  once  bi 
the  observers  changing  directions  frequently;  the  observers  n 
detic  micrometer  levels  No.  2  and  No.  3.  Section  III  was  the 
run  by  the  old  method  of  two  parallel  and  simultaneous  lines,  c 
stretches  (of  5  to  10  miles)  being  run  in  opposite  directions; 
eter  level  No.  1  was  employed.  The  rods  were  generally  2X^ 
apart,  with  the  instrument  mounted  midway  between  them* 

The  instrumental  constants  are  as  follows: 
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Ingtrunieiits  Nos.  5  and  6  are  of  the  same  pattern  as  No.  If  see  i 
No.  46  in  C.  and  G.  Survey  Report  for  1880.  Coefficient  of  expansi 
brass  scale  of  rods  0*000018  for  centigrade  scale. 

A  description  of  the  permanent  bench  marks  is  appended  tc 
report. 

Oamputation  and  results. — Field  computations  were  made  b; 
respective  observers;  the  second  or  independent  office  compnt 
were  made  by  the  following  computers  under  the  general  sux>er 
of  Mr.  L.  A.  Bauer,  viz :  Section  I  by  Subassistant  J.  Nelson, 
by  A.  Bonnot,  J.  B.  Boutelle,  and  H.  F.  Flynn  (October,  1892);  S( 
II  by  F.  A.  Young,  while  temporarily  attached  to  the  com; 
Division,  aided  by  J.  Page;  Section  III  by  F.  M.  Little  (Septe 
1888).  Special  tables  of  corrections  for  curvature,  refraction, 
inequality,  and  temperature  were  constructed  for  each  instrum^ 
facilitate  their  application.  The  two  computations  were  collate 
the  final  results  are  as  follows : 
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.  Supplementary  hei^^hU  {approximate)  of  points  along  the  Mobile  an 

and  Illinois  Central  Railroad. 


Location.' 


Shannon,  Miss., 

Verona,  Miss., 
Tupelo,  Miss., 

Saltillo,  Miss., 


Guntown,  Miss., 

Baldwyn,  Miss., 
Wheeler,  Miss., 
Boonesville,  Miss., 


Rienzi,  Miss., 
Corinth,  Mist., 


State  line, 

Corinth,  Miss., 
Ramer,  Tenn., 

Falcon,  Tenn., 

Selma,  Tenn., 

Bethel  Springs,  Tenn., 


McNairy,  Tenn., 

Henderson,  Tenn., 
Pinson,  Tenn., 


Jackson,  Tenn., 
Oakfield,  Tenn., 

Medina,  Tenn., 


Description. 


County  road  crossing,  2  miles  south  of,     ground 
Opposite  Mobile  and  Ohio  R.  R.  station,     do. 
County  road  crossing,  at  Clarke's  sawmill,  mid- 
dle of  track,  '  ground 
Opposite  Mobile  and  Ohio  R.  R.  station,  middle 

of  track,  g^und 

Crossing  of  Mobile  and  Ohio  and  Kansas  City 

Belt  R.  R.,  ground 

In  front  of  Mobile  and  Ohio  R.  R.  freight  de- 
pot, ground 
County  road  crossing,  i^  miles  south  of,  middle 

of  track,  ground 

Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
County  road  crossing,  3  miles  north  of,  middle  of 

track,  ground 

Opposite  Mobile  and  Ohio  R.  R.  station,  middle 

of  track,  ground 

do.,  do. 

County  road  crossing,  middle  of  track,  do. 
County  road  crossing,  3  miles  south  of,  middle  of 

track,  ground 

Ground  on  line  with  north  end  of  Mobile  and 

Ohio  R.  R.  station, 
County  road  crossing,  2^  miles  south  of,    ground 
Opposite  north  end  of  Mobile  and  Ohio  R.  R. 

station,  ground 

County  road  crossing,  5I  miles  south  of,  do. 
County  road  crossing,  4  miles  south  of,  do. 
Crossing  Mobile  and  Ohio  and  Massillon  and 

Cleveland  R.  R.,  ground 

County  road  crossing,  3  miles  north  of,  do. 
Crossing  Mobile   and  Ohio  R.   R.  and  State 

line,  ground 

County  road  crossing,  5  miles  north  of,  do. 
County  road  crossing,  i  mile  south  of,  do. 
Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
County  road  crossing,  3  miles  south  of,  do. 
Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
County  road  crossing,  do. 

Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
County  road  crossing,  i|  miles  north  of,  do. 
County  road  crossing,  4  miles  north  of,  do. 
Opposite  Mobile  and  Ohio  R.  R.  station,  do.  • 
County  road  crossing,  3I  miles  north  of,  *  do. 
Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
County  road  crossing,  2  miles  south  of,  do. 
County  road  crossing,  i  mile  south  of,  do. 
Opposite  Mobile  and  Ohio  R.  R.  station,  do. 
Crossing  Illinois  Central  and  Mobile  and  Ohio 

R.  R.  ground 

County  road  crossing,  Illinois  Central  R.  R.,  i^ 

miles  south  of,  ground 

Opposite  mail  stand,  Illinois  Central  R.  R.,  do. 
County  road  crossing,  i  mile  north  of,  do. 

County  road  crossing,  4  miles  south  of,  do. 
County  road  crossing,  1^  miles  south  of,  do. 
Opposite  Illinois  Central  R.  R.  station,        do. 
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SMffkmtUarjf  heighU  (appnixifnate)  of  poinU  along  the  Mobile  and  Ohio 

and  Illinois  Central  Railroad. 


Location. 


Medina,  Tenn., 
Milan,  TeniLy 


Cadis  Mill,  Tcnn., 
Idlewild,Tcnn., 


Bradford,  Tenn., 


Description. 


County  Foad  crowing,  2  miles  north  of,  ground 
County  road  crossing,  5  miles  south  of,  do. 
County  road  crossing,  3I  miles  south  of,  do. 
County  road  crossing,  2^  miles  south  of,  do. 
County  road  crossing,  i^  miles  south  of,  do. 
Crossing  of  Illinois  Central  and  Louisrille  and 
NashviUe  R.  R.,  ground 

County  road  crossing,  2  miles  north  of,  do. 
County  road  crossing,  3  miles  north  of,  do. 
County  road  crossing,  do. 

County  road  crossing,  2  miles  south  of,  do. 
County  road  crossing,  i  mile  south  of,  do. 
County  road  crossing,  just  north  of,  do. 

Opposite  Illinois  Central  R.  R.  mail  stand,  do. 
County  road  crossing,  2  miles  south  of,  do. 
County  road  crossing,  i  mile  south  of,  do. 

In  front  of  Illinois  Central  R.  R.  station,  do. 
County  road  crossing,  2  miles  north  of,        do. 


Height 

mbOT»  arer- 

•geGulf 

lerel. 


Metres. 
[62-09 

f49-03 

14303 

'3790 

37-50 

2844 
zo-Sy 
20-68 
12- 1 1 
0846 
19-29 
11-98 
12-52 
19-64 
26-98 
10-17 

^•93 
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The  probable  errors  of  the  resulting  heights  will  have  to  depet 
the  discordances  of  the  forward  and  backward  measures  for  Secti 
and  II,  and  on  the  differences  between  results  by  rods  E  and  F  fc 
simultaneous  lines  of  Section  III.  Results  thus  obtained  do  not 
into  account  systematic  or  constant  errors  to  which  the  observatioii 
known  to  be  liable;  this  latter  class  of  uncertainty  can  only  be  t 
nized  by  the  closing  of  loops  of  lines  of  levels.  The  phenomen 
accumulation  of  errors  in  the  same  direction  is  quite  prominent  in  S< 
II,  where,  in  a  distance  of  128^'° ,  and  during  about  three  months  (Oc 
to  January),  the  discrepancy  rises  from  114°>"  to  310""*  in  a  sa 
ingly  steady  manner;  the  rate  of  divergence  is  1*53™"  per  kilomet 
in  angular  value  0'3") J  and  is  apparently  uninfluenced  by  thevaryii 
cumstances  during  the  measure  of  the  line.*  The  serious  part  c 
behavior  is  the  &ct  that  we  have  no  assurance  that  the  mean  result 
two  measures  converges  to  or  diverges  from  the  true  value  of  the 
Throughout  the  line  the  temporary  marks  are  about  equally  distri 
and  not  far  from  a  kilometre  apart;  hence  we  use  the  formula  i 

probable  error  per  km.  for  double  leveling  r^,=0'675  - /LI  and  f( 

terminal  point  at  the  distance  S=[«]  Jhe  value  r=0'675  J~^~- 

Tahle  of  probable  errors  of  reMulU. 


Designation  of  line  of  levels. 

s=M    ^ 

['/^] 

H. 

1 

1 
km. 

////// . 

Biloxi,  Miss.  (Tidal  mark),  to  Mo- 

943 1 

454 

94 

io74  : 

bile,  Ala.  (A). 

Mobile,  Ala.  (A),  to  Meridian,  Miss. 

219*2 

1084* 

178 

±0-83 

Meridian,  Miss.  (C),  to  Okolona, 

204*2  i 

875* 

138 

±0-87 

Miss.  (K). 

, 

Okolona,   Miss.    (K),   to   Corinth, 

109-5 

839 

100 

±093 

Miss.  (V). 

t 

1 

Corinth,  Miss.  (V),  to  Greenfield, 

»55-9 

2157 

135 

±125  1 

Tenn.  (XV). 

Greenfield.  Tenn.   (XV),   to  Villa 

1282   ! 

"75 

112 

-J- 1 -02 

Ridge,  111.  (Z3). 

Villa  Ridge,  111.  (Z3),toOdin,  111.  (V) 

176-0  1 

809^ 

160 

;     ±09* 

t 

*  Part  of  this  distance  consists  of  simultaneous  parallel  lines,  i.  e.,  the  part  from  Mobile  te  C 
Ala.,  for  which  [dd]  =s  395  and  [x]  s  53*66,  here  we  substitute  1*6  [dd]  for  [dd]^  and  we  likewise 
by  I '6  the  [dd]  of  the  other  two  marked  (*)  lines  in  order  to  allow  (empirically)  for  the  fact 
lines  do  not  develop  the  whole  of  the  discrepancies.  This  amounts  to  increasing  the  probable 
•5  per  cent  in  order  to  g^ve  a  more  correct  value  and  one  mo:e  comparable  with  independent  tin 
App.  No.  10,  Report  for  1888,  p.  493.) 

Siuce  the  7nean  error  mi  of  a  single  leveling  of  a  kilometre 
quently  used  for  purposes  of  coinparisou,  it  is  given  below,  com 


*  In  the  parallel  simnltaneous  lines  of  Section  III  tbe  discrepancy  risoA  slov 
more  rapidly  towardfl  the  end  and  always  with  the  same  sign  from  0  to  4 
176^'"-,  evidently  part  of  the  ditterence  being  comuion  to  the  two  lines;  henci 
appears  in  the  comparison. 
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],y«i=y^J..     For  lines  from  Okoloiia  to  Greenfield  m  =  ±  2-3S«»"' , 

Greenfield  to  Villa  Bidge  m,  =  i  2'14™" ,  and  from  Villa  Ridge  to  Odin 
iijss  ±  1'90"">  the  last  increased  by  one-fourth  of  its  amount. 

The  total  resulting  probable  error  of  leveling  between  Biloxi  and 
Odin,  a  distance  of  1 087^" ,  sums  up  as  follows: 

^\f]  =  ±  31*1""-  for  uncertainty  in  leveling,  and  i  25'0»""'  for  uncer- 
taistyin  the  tidal  level,  hence  by  combination  the  height  and  probable 
error  of  the  Odin  bench  mark  V  becomes  .    .    .    15901 7"'  ±  0-040™ . 

Closing  of  loops. — In  the  first  place  we  have  the  grand  loop: 

S$ndy  Hookj  If.  J.,  Odin,  III.,  and  Biloxi^  Miss.,  with  Gulf  and  ocean. 

Appendix  No,  11,  Report  for  1882,  p.  552,  gives  for  height  of  bench 
mark  Y  at  Odin  161-348"  ±  0-047™,  hence  the  discrepancy  1-731"' .  The 
part  of  the  line  from  Hagerstown,  Md.,  to  Odin  has  no  checks,  nor  is 
tbe  identity  of  the  Gulf  and  Atlantic  levels  assured ;  the  assigned 
probable  errors  evidently  do  not  represent  the  true  state  of  the  case. 

Second  loop:  CairOy  Odinl  St.  Louis,  Cairo. 


fAl  Cairo  (i)  to  Odin  (V), 
I.  J  Lk  Odin  (V)  to  St.  Louis  (J,  or  K,), 
[Ail  St.  Louis  (Js  or  K3)  to  Cairo  (i). 


I    Distance. 
w.  km, 

+634908  ,      1947 

•— 34-4398      !    "03-6 

— 292737  2757   Ke})ort  Miss.  River 

Comm'n,  1 883. 


Closing  error,  — 0-2227 

Third  loop:  Corinth,  Cairo,  Memphis,  Corinth. 


m, 
f  Ail  Corinth  (V)  to  Cairo  (i),  —41-1023 

Ail  Cairo  (i)  to  Memphis  (U.S.  B.M.),       — 163222 

Ai  Memphis  (U.  S.    B.  M.)  to  Cor-       +57-2160  (?) 
I    inth(V).  

Closing  error,  — 6*2085 


km. 
265-2 

330-8  Report  Miss.  River 
Comm'n,  i88i-'83. 
153-1  (?)  Field  comp'n.* 


TwrQ^  loop:  Biloxi,  Mobile,  Corinth,  Memphis,  VicJcsburg,  Neio  OrUans, 

Biloxi. 


m. 
Ai  Biloxi  (T.  B.  M.)  to  Corinth  (V),       +137-2281 
A>&  Corinth    (V)   to  Memphis       —57-2160  (?) 
m.  \     (U,  S.  B.  M.), 

Ai  Memphis  (U.  S.  B.  M.)  to  Biloxi      —80-3192 
(T.  B.  M.), 


km. 
627-3 
153-1  (?)  Field  comp'n.* 

105 3  S  Reports  Miss.  River 
Comm'n. 


Closing  error,  —0*3071 

Making  use  of  the  conventional  exi)ression  5  y/[s]  to  indicate  the 
greatest  closing  error  that  might  be  tolerated  in  a  line,  we  have  for  the 

*7he  o^^  computatioQ  was  nearly  completed  by  Mr.  Nelson  when  be  was  assigned  to  other  duty. 


.92 


U.  8.  COAST  AND  GEODETIC  SURVEY. 


kbove  loops  I,  II,  III,  0-120""-,  0-137™ ,  and  0'214"  ;  since  tbe  actual  errors* 
kre  in  excess  of  these  ^umbers  the  above  degree  of  standard  a4*cnracy  is 
lot  attained,  still  the  results  may  be  accepted  provided,  sis  is  highly  de- 
lirable,  that  the  tie  line  Vicksburg  to  Meridian  (proposed  in  1887)  be  sap- 

SiLZouis 


Villa.  RxAge 
Caji.ro 


Oreeri/ield 


Memph 


Corinthf 


GrurwiUt 


Okalona 


Mobiie 


Biloxt 


New  OrUojis 


M' 


plied,  forming  one  more  loop  and  sustaining  the  Mississippi  Kiver  Com- 
mission loop  Vicksburg,  Shreveport,  Fort  Adams.  Indeed,  from  a  let- 
ter of  Capt.  J.  H.  Willard  to  the  Chief  of  Engineers  (November  8, 1890), 
it  appears  that  Vicksburg  and  Meridian  have  been  connected  by  ordi- 


^^ 


They  correapond  to  about  7  •/[»] 
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uary  niilroad  leveling,  and  are  i^aid  U)  hUow  a  discrepancy  of  about  1 
foot  a^>  coinpiired  with  our  result. 

Ill  consequence  of  the  earth's  rotation^  the  equii>oteutial  nurfaces  that 
may  be  passed  through  Biloxi  and  Odin  will  converge  toward  the 


m. 


north;  the  convergence  will  amount  to  ^=  —  0*00514  A  ^<^8in  2^, 
where  /i(p=s  difference  in  latitude  (expressed  in  parts  of  the  radius). 
Fur  latitudes  30^  24'  and  38^  38'  and  h  =  126'"  we  have  A  =  —  0-087"',  a 
qoantity  of  the  same  order  of  magnitude  as  the  observing  error.  For 
unifonn  slope  of  profile  one-half  of  this  amount,  or  0*044*",  would  have 
to  be  subtracted  from  the  elevation  of  the  northern  station.  The  expres- 
sion for  A  depends  on  the  relation  hi  g^  =  Aj  </;,  a  constant,  which  nvust 
liold  between  any  two  acyacent  equipotential  surfaces,  </  representing 
gravity  and  h  the  corresponding  distance  between  them,  and  this  forms 
the  basis  of  the  so-called  orthometric  correction,  now  recognized  as  a 

necessity  in  refined  leveling.    This  will  be  attended  to,  together  with 

tiie  adjustment  of  the  loops,  as  soon  as  the  needed  data  arc  all  on  hand. 
I  close  this  report  with  a  statement  of  the  several  independent  and 

unadjusted  results  for  height  of  St.  Louis,  Mo.     (B.  M's.  J3  and  K3  at 

Bridge.) 

I.  By  the  MitwiHsippi  River  roate,  Biloxi,  New  OrleaiiH,  VickBbiirg.  etc.  125"9ir> 

I.  By  the  MeridiaDal  ronte,  Biloxi,  Mobile,  Corinth,  Odiii,  etc.  125*177 
(The  difference  of  1  and  2  equals  the  sum  of  the  cloeiug  errorH  of  the 
3  loop«. ) 

L*  By  the  Great  Lakeo,  8audy  Hook,  Albany,  Chicago,  etc.  126*100 

L    By  the  39th  parallel  route,  Sandy  Hook,  Cincinnati,  etc.  126"90y 

For  the  present  wfe  may  adopt  the  preliminary  vulue  125*8  m.  or  412'7 
feet- 


•  Water  levels,  in  part. 
8.  Ex.  37—13 
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Section  I. — Loeatian  and  description  of  permanent  bench  marTcs  hetw 

Okolona^  Miss.j  and  Greenfield^  Tenn. 

K. — ^At  Okolona,  Chickasaw  County,  Miss.    Center  of  bolt  leai 
horizontallj  into  a  brick  on  the  east  front,  and  near  the  south  < 
of  cotton  warehouse  occupied  by  C.  B.  Smith.    The  brick  is 
thirteenth  one  south  of  the  door  and  in  the  twenty-second  con 
ftom  the  ground. 

L. — At  Okoloiia,  Miss.  The  center  of  a  copper  bolt  leaded  into  a  bi 
on  the  southwest  pier  of  the  Mobile  and  Ohio  Railroad  stat 
The  brick  is  the  middle  one  on  the  west  side  of  the  pier,  and  is 
the  seventh  course  from  the  ground. 

M. — ^On  the  Mobile  and  Ohio  Bailroad  bridge  over  Tubby  Lui 

Creek.    The  bottom  of  a  square  cavity  cut  in  the  capstone  of 

pier  on  the  north  bank  of  the  creek.    It  is  west  of  the  track  i 

is  roughly  lettered: 

U.  S. 

D 

B.  M. 

K — ^At  Shannon,  Lee  County,  Miss.  The  center  of  a  cross  cut  o 
brass  bolt  leaded  horizontally  into  a  brick  in  the  east  wal 
B.  B.  Clark  &  Co.'s  store.  The  brick  is  in  the  sixth  row  above 
foundation,  and  is  the  sixth  one  from  the  north  end  of  wall. 

O. — At  Verona,  Lee  County,  Miss,  The  center  of  a  cross  cut  o 
brass  bolt  leaded  horizontally  into  a  brick  in  the  south  fron 
B.  L.  Trice  &  Son's  store.  The  brick  is  in  the  sixth  row  ab 
the  foundation  and  is  the  third  one  from  the  west  side. 

P. — ^At  Tupulo,  Lee  County,  Miss.  The  center  of  a  cross  cut  on  a  bi 
r  bolt  leaded  horizontally  into  a  brick  in  the  front  wall  of  Fu! 
Hotel.  The  brick  is  in  the  twenty-first  course  above  the  grot 
and  is  the  second  one  from  the  southeast  corner. 

Q. — At  Satillo,  Lee  County,  Miss.  The  bottom  of  a  square  cavity 
in  a  limestone  block  set  in  the  front  yard  of  James  B.  Boli 
house,  near  the  northwest  corner  of  the  brick  flower  pit  on 
south  side  of  the  house.  The  block  is  6  inches  square,  projec 
inches  above  the  ground,  and  is  marked  thus: 

U,    S. 

Q 

B.     M. 

B. — ^At  Guntown,  Lee  County,  Miss.  The  center  of  a  cross  cut  c 
brass  bolt  leaded  horizontally  into  a  brick  in  the  chimney  on 
north  end  of  J,  W.  Keruodle^s  house.    The  brick  is  in  the  twe 
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coarse  above  the  ground,  and  is  the  second  one  from  the  outer 
face  of  chimney  on  the  side  toward  the  front  of  the  house. 
S.-At  Baldwyn,  Lee  County,  Miss.  The  bottom  of  a  square  cavity 
cat  in  a  limestone  block  set  in  the  southwest  corner  of  the  yard 
to  the  Bucey  Hotel,  The  block  is  6  inches  square,  projects  6 
inches  from  the  ground,  and  is  marked  thus: 

U.     S. 

D 

B.    M. 

T.— AtBooneville,  Prentiss  County,  Miss.  The  center  of  a  cross  cut 
on  a  brass  bolt  leaded  horizontally  into  a  brick  in  the  east  front 
of  the  court-house.  The  brick  is  iii  the  eighteenth  course  below 
the  window  sill,  and  is  the  second  one  from  the  northeast  corner 

U.— At  Rienzi,  Alcorn  County,  Miss.  The  center  of  a  cross  cut  on  a 
copper  bolt  leaded  horizontally  into  a  brick  in  the  outer  face  of 
the  north  chimney  on  the  east  side  of  Taylor's  Hotel.  The  brick 
is  in  the  fifteenth  course  above  the  ground,  and  is  the  third  one 
from  Idle  north  side  of  chimney. 

v.— At  Corinth,  Alcorn  County,  MiSvH.  The  center  of  a  cross  cut  in  a 
brass  bolt  leaded  horizontally  into  a  brick  in  the  east  wall  of  a 
store  on  Waldren  street.  The  building  is  opposite  the  court-house, 
and  is  used  as  the  city  hall.  The  brick  is  in  the  third  course  above 
the  sill  of  the  window,  near  the  north  end  of  building,  and  is  the 
fourth  one  south  of  this  window. 

'^••-At  Corinth,  Miss.  The  center  of  a  cross  cut  in  a  brass  bolt 
leaded  horizontally  into  a  brick  in  the  west  wall  of  court-house, 
^e  brick  is  in  the  fourteenth  row  below  the  line  of  window  sills, 
and  in  the  fifth  one  south  of  the  4fth  cellar  ventilator,  counting 
from  the  northwest  comer  of  the  building. 

^*~At  Earner,  McNairy  County,  Tenn.  The  center  of  a  cross  cut  in  a 
brass  bolt  leaded  horizontally  inta  a  brick  in  the  pier  under  the 
southwest  corner  of  the  Mobile  and  Ohio  Railroad  station.  The 
brick  is  in  the  fourth  course  from  the  top  of  pier,  and  is  the  one 
on  the  southeast  comer.  The  end  of  the  bolt  is  about  one-fourth 
inch  below  the  outer  face  of  the  brick. 

J^.— At  Falcon,  McNairy  County,  Tenn.  A  brass  bolt  leaded  hori- 
^ntaUy  into  a  brick  in  the  chimney  on  the  south  end  of  a  house, 
owned  by  the  Mobile  and  Ohio  Eailroad  Company,  standing  a 
short  distance  north  of  the  railroad  station,  on  the  west  side  of 
*^k.  The  brick  is  the  second  one  from  the  southeast  corner  of 
the  chimney,  in  the  sixth  course  above  the  foundation,  on  the  side 
fronting  the  railroad  track. 

•-^At  Bethel  Springs,  McNairy  County,  Tenn.  The  surface  inclosed 
"^tween  two  file  marks,  about  1  inch  apart,  on  one  of  the  raised 
portions  of  the  corrugated  iron  door  sill  of  Stovall,  Epps  &  flendri^ 
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Co.'s  brick  storehouse.  The  mark  is  5^  inches  frbm  the  fron1 
of  the  sill  and  5^  inches  from  the  wall  forming  the  soath  $ 
the  building. 

XXVII.— At  McNairy,  McNairy  County,  Tenn.  The  bottom 
square  cavity  cut  in  the  rock  foundation  of  the  chimney  j 
south  end  of  E.  W.  Sheffield's  house,  near  the  southeast  coi 
the  chimney.  The  house  is  on  the  west  of  and  fronts  the  ra 
about  one-fourth  mile  south  of  the  station. 

XXVI. — At  Henderson,  Chester  County,  Tenn.  The  center  of  i 
cut  on  a  brass  bolt  leaded  horizontally  into  a  brick  in  the 
wall  of  J.  F.  Hamlett's  storehouse.  The  house  is  west  and  t 
distance  north  of  the  railroad  station,  facing  the  railroad 
The  brick  is  in  the  fifth  course  above  the  ground,  and  is  th< 
one  from  the  southwest  corner  of  the  building. 

XXV. — At  Pinson,  Madison  County,  Tenn.  The  center  of  a  en 
in  a  brass  bolt  leadejd  horizontally  into  a  brick  in  the  front 
M.  Eobin's  store.  The  house  is  west  and  a  short  distance  n 
the  railroad  station,  facing  the  track.  The  brick  is  in  the  eL 
course  above  the  sidewalk,  and  is  the  second  one  from  the 
east  corner  of  the  building. 

XXIV. — About  2J  miles  south  of  Jackson,  Tenn.  The  botto: 
square  cavity  cut  in  the  stone  coping  of  the  brick  pier  at  th< 
end  of  the  Mobile  and  Ohio  Railroad  bridge  over  Forkec 
River.  The  mark  is  west  of  the  track  near  the  lower  ch 
bridge,  and  about  13  inches  from  the  north  edge  of  stone. 

XXIII. — At  Jaekson,  Tenn.  The  bottom  of  a  square  cavity  cut 
capstone  of  the  retaining  wall  in  front  of  one  of  the  ba« 
windows  of  the  Federal  Building,  corner  of  Market  and  Bal 
streets.  The  window  is  just  north  of  the  Market-street  ent 
The  stone  is  marked  thus: 

U.    S. 

D 

B.    M. 

XXII. — At  Jackson,  Tenn.    The  bottom  of  a  square  cavity  cut  i 

capstone  of  the  brick  pier  at  the  west  end  of  the  Illinois  C( 

Railroad  bridge  over  Market  street.     It  is  south  of  the  track 

marked  thus: 

U.    S. 

a 
B.    M. 

XXI.— At  Oakfield,  Madison  County,  Tenn.  The  bottom  of  a  sc 
cavity  cut  in  a  limestone  block  set  in  the  southwest  corner  o 
front  yard  of  R.  Daniel's  house,  which  stands  just  north  ol 
store  and  post-office.  The  block  is  6  inches  square,  projw 
inches  from  the  ground,  and  is  marked  thus: 
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IT.    8. 

D 

B.    M. 

XX~At  Medina^  Gibson  County,  Tenn.  The  bottom  of  a  sqnare 
cavity  cut  in  a  limestone  block  set  in  the  northwest  corner  of  W. 
A.  House's  front  yard.  The  block  is  6  inches  square,  projects  6 
inches  from  the  ground,  and  is  marked  thus: 

U.    8. 

a 
B.    M. 

UX.— At  Milan,  Gibson  County,  Tenu.  The  bottom  of  a  square 
cavity  cut  in  a  limestone  block  set  in  the  front  yard  of  Dr.  M.  D. 
L.  Gordon's  house,  on  Main  street,  near  the  public  school.  The 
stone  is  north  of  the  house,  near  the  back  fence.  It  is  6  inches 
square,  and  marked  thus: 

U.    8. 

a 
B.    M. 

XTin.— At  Milan,  Tenn.  The  center  of  a  cross  cut  on  a  brass  bolt 
leaded  horizontally  into  a  brick,  in  the  north  wall  of  the  building 
on  the  southwest  corner  of  Front  and  Main  streets.  The  brick  is 
in  the  seventh  course  above  the  pavement,  and  is  the  sixth  one 
east  of  the  second  doorway  from  the  west  end  of  the  building. 

XVII.— At  Bradford,  Gibson  County,  Tenn.  The  bottom  of  a  square 
cavity  cat  in  a  granite  block  set  in  the  southwest  corner  of  the 
front  yard  of  J.  T.  Cain's  house,  which  stands  southeast  of  the 
railroad  station,  fronting  on  the  track.  The  stone  is  6  inches 
sqnare,  projects  6  inches  from  the  ground,  and  is  marked  thus: 

U.    8. 

D 

B.    M. 

Xvl.^jjear  Greenfield,  Tenn.    Found  unstable,  abandoned. 

^v.— At  Greenfield,  Tenn.  A  small  hole  in  a  brass  bolt  leaded  hori- 
zontally into  a  brick  in  the  front  wall  of  Darling  Jones'  store- 
house. The  brick  is  in  the  eighth  course  above  the  pavement,  and 
18  the  third  one  from  the  northwest  corner  of  the  building. 
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Section  1 1. — Location  and  description  of  permanent  bench  marks  hex 

Greenfield,  Tenn.,  and  Villa  Ridge,  III, 

XV. — At  Greenfield,  Tenn.    Described  in  Section  I. 

XIV. — At  Sharon,  Weakly  County,  Tenn.  The  center  of  a  cros 
in  a  brass  bolt  leaded  horizontally  into  a  brick  in  the  chimn 
the  north  end  of  Lloyd  Dodd's  house.  The  brick  is  in  the  tw 
fourth  course  above  the  groutid,  near  the  middle  of  the  cbix 
The  mark  is  roughly  lettered  thus : 

U.    8. 

B.    M. 

Xlir. — At  Martin,  Weakly  County,  Tenn.    A  small  hole  in  a  1 
bolt  leaded  horizontally  into  a  brick  in  the  west  side  of  the 
building  owned  by  J.  R.  Lovelace.    The  brick  is    in  the 
course  above  the  ground,  and  is  the  fourth  one  from  the  n 
west  comer. 

XIL — At  McConnell,  Obion  County,  Tenn.    The  bottom  of  a  si 

hole  cut  in  a  limestone  block  set  in  the  northeast  corner  c 

yard  of  W.  B.  Smith,  agent  for  the  Illiuois  Central  Railroad. 

block  is  6  inches  square,  projects  4  inches  above  the  ground 

is  lettered  thus : 

U.    S. 

D 

B.    M. 

XL— At  Fulton,  Fulton  County,  Ky.    A  hole  in  a  brass  bolt  I 
horizontally  into  a  brick  in  the  east  wall  of  E.  O.  Reed^s 
stable.    The  brick  is  in  the  nineteenth  course  from  the  gr 
and  is  the  fifteenth  one  from  the  northeast  corner  of  the  fi 
The  wall  is  marked  thus : 

XJ.    8. 

B.    M. 

X. — At  Alexander,  Fulton  County,  Ky.  The  bottom  of  a  s 
cavitv  cut  in  a  limestone  block  set  near  the  northwest  cornei 
M.  Cashon's  frame  house,  on  the  east  side  of  tiie  railroad  \ 
near  the  station.  The  block  is  6  inches  square^  projects  4  i 
from  the  ground^  and  is  lettered  thus: 

U.    S. 

D 

B.     M. 

IX. — At  Clinton,  Hickman  County,  Ky.    The   bottom   of  a  8 

cavity  cut  in  the  stone  doorsill  at  the  south  eutrauce  of  the 

house.    It  is  lettered  thus : 

U.    8. 

a 
B.    M. 
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VIII.— At  ArlingtoD,  Carlisle  Ooanty,  Ky.    The  bottom  of  a  sqaare 

eavity  cut  in  a  limestone  block  set  in  the  southwest  corner  of  the 

back  yard  of  Thos.  G.  Edward's  iiouse,  near  the  railroad  station. 

The  block  is  6  inches  square,  projects  4  inches  from  the  ground, 

and  is  lettered  thus: 

U.    8. 

D 

B.    M. 

Vll.— At  Bardwell,  Carlisle  County,  Ky.  The  bottom  of  a  square 
cavity  cut  in  the  south  end  of  the  stone  doorsill  at  the  west 
eiitr»ice  to  the  court-house.    It  is  marked  thus : 

U.    S. 

D 

B.    M. 

n.— On  the  Illinois  Central  Bailroad  bridge  over  Mayfleld  Creek,  which 
i8  the  boundary  between  Ballard  and  Carlisle  counties,  Ky.  The 
bottom  of  a  square  cavity  cut  on  the  stone  coping  of  the  brick  pier 
on  the  north  bank  of  creek.  It  is  west  of  the  track,  just  outside 
of  the  bridge,  and  letterd  thus: 

U.    S. 

a 
B.    M. 

V'.— -At  Fort  Jefferson,  Ballard  County,  Ky.    The  bottom  of  a  square 

cavity  cut  in  a  limestone  block  set  in  the  northeast  corner  of  J.  M. 

Vance's  yard,  across  the  street  from  J.  C.  Depoyster's  store.    The 

block  is  6  inches  square,  projects  4  inches  from  the  ground,  and  is 

lettered  thus: 

U.    8. 

D 

B.    M. 

rv.— At  Wickliffe,  Ballard  County,  Ky.  The  bottom  of  a  square  cavity 
cut  in  a  limestone  block  set  near  the  northwest  corner  of  the  Elli- 
ott House,  close  to  the  brick  wall  on  the  street.  The  block  is  6 
inches  square,  projects  3  inches  from  the  ground,  and  is  lettered 

thus: 

U.    8. 

D 

B.    M. 

^i^At  East  Cairo,  Ballard  County,  Ky.  The  bottom  of  a  square 
cavity  cut  in  a  limestone  block  set  in  the  top  of  the  levee  protect- 
ing the  Mobile  and  Ohio  Bailroad  yard,  just  back  of  the  yardmaa- 
tor's  office.  The  block  is  6  inches  square,  projects  2  inches  from  the 
ground,  and  is  lettered  thus: 

U.  8. 
C.  D  8. 
B.     M. 
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TT.  S.  E.  3.— At  Cairo,  111.  Establisliecl  by  the  U.  S.  Engineers,  and 
described  by  tbe  Miss.  River  Cemm.  as  follows:  ^'  Is  bole  in  copper 
bolt  set  in  southeast  end  of  Illinois  Central  Bailroad  freight  depot, 
at  janctiou  of  Fonrteenth  street  and  Ohio  Biver.  It  is  0-49  metres 
sonthwest  of  the  east  corner  and  is  marked  with  the  letters  U.  S. 
B.  M.  cut  in  stone  near  bolt."  When  visited  in  1888  some  of  tbe 
lead  had  been  picked  from  around  the  bolt,  but  the  bolt  wasstiU 
Urm.    The  arches  of  the  building  were  cracked,  as  if  it  had  settled. 

U.  S.  B.  2.— At  Cairo,  III.  Established  by  the  IT.  S.  Engineers  and 
deBcribed  by  the  Miss.  Biver  Comm.  as  follows:  ^^  Is  hole  in  copper 
liolt  set  horizontally  in  east  side  of  building  containing  offices  of 
the  trustees  of  Cairo  City  public  property.  It  is  4*44  metres  from 
southeast  corner,  tfnd  1*12  metres  below  lower  surface  of  water 
table.  Marked  with  the  letters  H.  8.  B.  M.  cut  in  stone  near  bolt 
The  building  fronts  on  Washington  avenue  and  is  between  Eighth 
eenth  and  Nineteenth  streets.^  The  mark  was  found  undisturbed 
in  1888. 

r.  8.  B.  1.— At  Cairo,  HI.  Establisheil  by  the  U.  S.  Engineers  and 
de^tcribed  by  the  Miss.  Biver  Comm.  as  follows:  ''Is  small  hole  in 
center  of  copi»er  bolt  set  horizontally  in  northwest  side  of  cnstom 
iKMQise.  It  is  7*18  nieb^s  from  northwest  corner  and  0'37  metres 
below  the  junction  of  the  sandstone  and  limestone,  and  0*93  metres 
above  surface  of  cement  walk,  ^farked  with  the  letters  U.  S.  B.  M. 
out  in  stone  near  bolt.  The  custom-house  is  in  the  square  botmded 
by  Fourteenth  and  Fifteenth  and  Poplar  streets  and  Washington 
avenue.**     It  was  found  undisturbed  in  1888. 

II. — ^On  one  of  the  abutments  of  the  Illinois  Central  Bailroad  bridge 
over  Cash  creek.  The  lM>ttom  of  a  square  cavity  cut  in  the  abut- 
ment at  the  south  bank  of  the  creek,  on  the  east  side  of  the  track, 
mud  marked  thus: 

U.    S. 

a 
B.    M. 

L — At  Mt>und  City  Junction,  Alexander  County,  HI.  The  bottom  of » 
squan^  cavity  cut  in  a  lirae«$tone  block  set  in  the  yard  of  the  Illioou^ 
1  Vntrul  BailrxKMl  ^^ectitm  house.  It  is  near  the  front  fence  jnst  north 
of  the  fr^l^,  near  lone  tree.  The  stone  is  6  inches  square,  projects 
4  iuoiieis  from  the  ground  and  is  lettered  thus: 

D 

B.    M. 

*'  --- At  Vill.^  BMir*^.  Pnlav^ki  C^Hinty.  HI.  The  center  of  a  brass  holt 
k^^ltHt  iH^rontaHy  iut««  u  brick  in  tlie  chimney  at  the  east  end  of 
Ih^  ^t^Hia^itxl  lltuis^.  The  brick  is  in  the  twenty-second  course 
aUn>  I W  jiixmiid  and  is  tbe  fifth  one  firom  the  south  end  of  cbiinney- 
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Y>— At  Villa  Ridge,  111.  Top  of  a  railroail  spike  driven  in  tlie  roofc  on 
tbe  east  side  of  a  large  beech  tree  which  ntaudH  east  of  the  railroad 
track  and  nearly  opposite  the  12-inile  post.    It  is  lettered  thus: 


( 


U.  8.  B.  M.^ 


MY" 


) 


Section  HI. — Location  and  description  of  permanent  bench  marks  be- 
tween Villa  Ridge  and  Odin,  III. 

Z>— At  Villa  Bidge,  Pnlaski  County,  111.,  described  in  Section  II. 

Yj.— At  Villa  Bidge,  111.,  described  in  Section  II. 

XII^.— South  of  the  14-mile  post  on  the  Illinois  Central  Eailroad.    The 

bottom  of  a  square  cavity  cut  near  the  center  of  south  abutment  of 

small  railroad  bridge  No.  8,  marked  thus: 


139.— About  523  metres  south  of  the  17-mile  post  on  the  Illinois  Central 
Railroad.'  The  bottom  of  a  square  cavity  cut  in  the  capstone  of  the 
middle  pier  of  small  railroad  bridge,  No.  12.  It  is  east  of  the  track 
and  is  marked  thus: 

(o) 

-^3.— Near  UUin  Station,  Pulaski  County,  111.  The  bottom  of  a  square 
cavity  cut  on  the  northeast  corner  of  the  north  abutuieut  of  bridge 
No.  15,  over  the  Cache  Biver.    It  is  marked  thus: 

a 
U.S. 
B.  M. 

^3.— At  Anna,  Fnion  County,  111.  The  bottom  of  a  square  cavity  cut 
in  the  stone  sill  of  window  on  southwest  front  of  Otrich's  drug 
store,  under  the  Otrich  House.  It  is  about  0'10"»  from  west  end  of 
iron  jamb  and  0.06"*  from  south  edge  of  sill.    It  is  marked  thus: 

(°) 

^3.— About  1  mile  north  of  Makanda,  Jackson  County,  El.,  and  50 
metres  south  of  the  50-mile  post  on  the  Illinois  Central  Bailroad. 
The  bottom  of  a  square  cavity  cut  in  the  southeast  capstone  of 
soath  abutment  of  iron  bridge  No.  87,  over  Drury  Creek.  It  is 
marked  thus: 

^3.— At  Carbondale,  Jackson  County,  111.  The  bottom  of  a  square 
cavity  cut  in  the  stone  sill  under  the  east  front  window  of  Jacob 
Beard's  brick  store.  The  store  is  on  the  west  side  of  tlie  railroad 
track  at  the  north  end  of  public  park.    The  cavity  is  marked  thus: 

(a) 
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IJ3. — ^In.  Jackson  County,  111.,  about  2  miles  south  of  De  Soto.  The 
bottom  of  a  square  cavity  cut  in  the  west  end  of  the  south  abut- 
ment of  Illinois  Central  Railroad  bridge  over  Bii:  Muddy  Creek. 
It  is  about  one  metre  west  of  track  and  0*3"  from  north  edge  of 
abutment,  and  is  marked  thus : 

(°) 

B3.— At  Duquoin,  Perry  County,  111.  The  bottom  of  a  square  cavity 
cut  in  corner  of  the  stone  sill  at  the  main  door  of  the  Du  Quoin 
bank  building,  opposite  the  Illinois  Central  KaUroad  depot.  The 
cavity  is  marked  thus : . 

(D) 

83.— About  2  miles  south  of  Radom  Station,  Washington  County, 
111.  The  bottom  of  a  square  cavity  cut  in  the  northeast  corner  of 
the  north  abutment  of  the  stone-arch  bridge,  over  Little  Muddy 
Creek,  on  the  Illinois  Central  Railroad.    It  is  marked  thus : 

(D) 

Q}.— Kear  Ashley,  Washington  County,  111.  The  bottom  of  a  square 
cavity  cut  in  the  capstone  of  the  southeast  wing  wall  of  small  cul- 
vert, No.  212,  on  the  Illinois  Central  Railroad,  about  175  metres 
south  of  the  99-mile  post.  The  cavity  is  about  2  metres  east  of 
the  track,  and  is  marked  thus: 

(°) 

P3.— About  1  mile  north  of  Richview  Station,  Washington  County, 
111.  The  bottom  of  a  square  cavity  cut  in  the  southeast  comer  of 
the  capstone  on  the  east  end  of  a  stone  culvert  on  the  Illinois  Cen- 
tral Railroad,  499  metres  south  of  the  103-mile  post.  The  cavity 
is  marked  thus: 

N> — At  Centralia,  Marion  County,  HI.  The  bottom  of  a  square  cavity 
cut  in  the  stone  sill  of  the  south  window  of  J.  J.  P&ff  &  Co.^s 
drug  store,  marked  thus : 

(D) 

0>' About  2  miles  north  of  Centralia,  111.  The  bottom  of  a  squaro 
cavity  cut  in  the  capstone  at  the  east  end  of  tiie  north  abutment 
of  the  Illinois  Central  Railroad  bridge  over  Crooked  Creek.  The 
cavity  is  about  3  metres  from  the  iron  foot-plate  of  bridge,  and  is 
marked  thus: 

M3. — At  Odin,  Marion  County,  111.  The  bottom  of  a  square  cavity  cat 
in  a  rock  in  the  top  layer  of  the  foundation,  at  the  southeast  comer 
of  Craig^s  brick  store.  It  is  about  1  foot  above  the  groond,  and 
is  marked  thus: 

(O) 
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V. — ^At  Odin,  lU.  The  bottom  of  a  sqaare  cavity  cut  in  the  aoutheast 
end  of  a  long  arched  calvett  on  the  Ohio  and  Mississippi  Bailroad, 
aboat  45  metres  east  of  the  junction  of  that  road  and  the  Illinois 
Central  Railroad.*  This  bench  is  the  intersection  of  the  trans- 
continental line  of  levels  and  the  line  from  the  Gulf  of  Mexico.    It 

is  marked  thus: 

/^B.  M.  "V.»\ 

'This  bench  mark  V  was  established  bj  Assistant  A.  Braid  in  1882.    See  Appendix 
No,  11,  U.  8.  C.  and  G.  Snryey  Report  for  1882. 


APPENDIX  NO.  4—1892. 


ON  THE  RESULTS  OF  SPIRIT  LEVELING  OF  PRECISION  BETWEEN  COR- 
INTII,  MISS.,  AND  MEMPHIS,  TENN.,  FROM  OBSERVATIONS  MADK  IN 
1890  AND  1891  BY  ISAAC  WINSTON,  SUB  ASSISTANT,  AND  F.  A.  YOUNG, 
AID. 


A  report  by  Charles  A.  Schott,  ABststant  and  Chief  of  the  Computing  Division. 

Submitted  for  publication  March  10,  1893. 


The  following  report  on  the  results  of  spirit  leveling  between  Cor- 
inth, Miss.,  and  Memphis,  Tenn.,  is  herewith  respectfully  submitted. 
Corinth  is  a  station  in  the  line  of  levels  from  Mobile  to  Odin,  and 
Memphis  is  connected  witli  the  levels  of  the  Mississippi  Biver  from 
New  Orleans  to  St.  Louis;  the  present  line  therefore  forms  a  tie  be 
tween  these  lines. 

Route  line. — The  levels  follow  the  track  of  the  Memphis  and  Charles- 
ton Railroad.  Distance  between  bench  mark  V  at  Corinth  and  bench 
mark  of  U.  S.  E.  at  Memphis  is  151*3  km.,  or  94*0  statute  miles.  See 
illastration  (inset)  to  the  preceding  appendix  (No.  3  for  1892). 

Observers  and  dates. — The  observers  were  Subassistant  I.  Winston 
and  Mr.  F.  A.  Young.  The  work  was  accomplished  between  Novem- 
ber 7,  1890,  and  January  23,  1891. 

Instruments  and  methods  of  observing. — Two  independent  lines  were 
run,  one  forward  (westerly),  the  other  backward  (easterly).  Mr.  Win- 
ston ran  the  forward  line  from  Corinth  to  La  Grange,  Tenn.,  and  the 
backward  line  from  Memphis  to  La  Grange,  using  level  No.  5.  Mr. 
Young  ran  the  backward  line  from  La  (grange  to  Corinth,  and  the  for- 
ward line  from  La  Grange  tp  Memphis,  using  level  ^o.  G.  Metric  rods 
N  and  O  were  employed. 

Instrumental  constants. — These  are  as  follows: 

Instrument.  No.  5.  No.  6. 

Aperture  of  telescope,  2'g^«^.  2'9*"'". 

Focal  length  of  telescope,  34*8c«».  34-8«™. 

Magnifying  |X)wcr,  28                     »  28 

Value  of  one  division  of  striding  level,  2^^*  11  and  2^^o8  2^^-44  and  2^^-62 

Mean  adopted,  2'^- 10  2'^53 

When  determined  (E.G.F.  and  I.  W., observers),         Sept.    26,    '88,  May   23,    '88, 


{-f  larj^cr, 

indicates  object  end. 
—  buialler, 


Apr.  8,  '90  Apr.  8,  '90 

o'^48  Mar.  15, '90   ^o-'-'-oy  Mar.  15,90 

o''' Sy  Tcb.  13,  '91    -o^-'-oi  Fcb.9,13,'91 
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Weighted  mean,  the  second  value  having  double 
weight,  •  — c/^76  -f-o""02 

Value  of  100  divisions  (i  turn)  of  micrometer 

screw,  313'^- 1  and  31 1  ^^'6  310^^*6  and  312''           •( 

Value  adopted,  3 1  ^''•o  3 1 2'''*o 

When  determined  (A.  B.,  I.  W.  and  J.  H.  G.»  Sept.    19,    22,  '88,  June    24,    25,   'S^^Sc 

observers),  July     22,   23,  '89  July     22,    23,  '8— ^^Sc 

Angular  value  of  telemeter  threads,  18'  S^''^  ^^  So^'-S 

W^hen  determined  (I.  W.,  observers),  July  22, 1889  July  22, 1889 

Index  corrections  to  metric  rods :  N  at  beginning,  ^—0*55™"^.  at  12**  C.  Mar.  14, 1890 

N  at  end,  — 0.35  Feb.        1891 

O  at  beginning,  — 0-63        at  13®  C.  Mar.  14, 1890 

O  at  end,  — 0-40  Feb.        1891 

Temperature  when  rod  graduations  are  of  standard  length,  21*^7  C. 

Coiii'guiation  and  results. — The  field  eomputation  was  made  by  tL^e 
observers;  the  office  computation  by  Subassistant  J.  Nelson,  temx>c> 
rarily  attached  to  the  Gompating  Division.    The  two  compntatiou^ 
were  collated,  and  the  results  are  given  in  the  following  tabnlar  fona: 


i 


3 


3 
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220  U.  8.  COAST  AND  GEODETIC  SURVEY. 

The  probable  error  of  tbe  resulting  differences  of  heights  depen« 
on  tlie  discrepancies  of  tlie  results  as  found  by  the  forward  and  bac 
ward  measures,  and  since  the  bench  marks  are  about  evenly  dlsti-L 
uted  over  the  whole  line  at  distances  of  about  one  kilometre  we  m 

use  of  the  formula  rn  =  0*675  yJrT^i  which  gives  the  probable  err 
))er  kiloinetFe  for  double  leveling;  for  the  terminal  iK>int  at  the  d 


tance  S  =  [«]  we  have  r  =  0*675  yj^^* 


We  have  [dd]  =  1466,  hence  r„  =  ±  l-OS"™-,  also  r  =  ±  12-9"»-    1*" 
column  showing  the  accumulation  of  error  exhibits  the  usual  more 
less  systematic  increase  over  the  whole  line,  with  a  maximum  value 
115'"™ ;  this  corresponds  to  an  angle  of  0"'16,  or  to  a  constant  error 
(^'•08  for  each  measure,  supposed  of  the  same  sign. 

Referring  to  my  report  of  December  20, 1892  (Apx>endix  No.  3, 18»— 
and  to  the  closing  of  the  two  loops,  II  and  III,  we  have  now  for  /f:^: 
Memphis  to  Corinth  +57'1821°**  in  the  place  of  the  rough  re««^ 
(57*2160)  given  there,  and  the  closing  of  the  triangular  iigure  CorinK 
Cairo,  Memphis,  Corinth,  becomes  —0*2424™,  and  that  of  the  largr" 
southern  loop,  Biloxi,  Mobile,  Corinth,  Memphis,  Vicksburg,  Ne 
Orleans,  Biloxi,  —0*2732™*.  The  development  in  length  of  the  fii^  • 
loop  is  747.3^™*  and  of  the  second  1832*4^™*.  A  description  of  the  ben^ 
marks  concludes  this  report. 

Description  of  bench  marks  on  line  of  levels  from  Corinth,  Miss.^  to  Jfeir 

phis,  Tenn.y  1890-^91. 

i. 
V. — Corinth,  Alcorn  County,  Miss.    A  brass  bolt  leaded  in  the  eas- 

wall  of  the  brick  store  on  the  northwest  corner  of  Waldren  anc 

streets.    This  building  is  opposite  the  court-house,  and  h 

used  as  the  city  hall.    The  bolt  is  in  the  third  course  of  bricl 

above  the  sill  of  the  windows  near  the  north  end  of  the  building 

and  in  the  fourth  brick  south  of  this  window.    Two  lines  were  cui 

in  the  end  of  the  bolt,  forming  a  +  at  its  center,  and  the  intersec 

tion  of  these  lines  is  the  B.  M.    The  building  is  owned  by  El 

Mitchell. 

W. — Corinth,  Alcorn  County,  Miss.  A  brass  bolt  leaded  in  the  wesi 
wall  of  the  brick  court-house.  The  bolt  is  between  the  fifth  anc 
sixth  ventilators  (small  grated  windows)  to  the  cellar,  counting 
fbom  the  northwest  corner  of  the  building,  in  the  fifth  brick  soutl 
of  fifth  ventilator  and  in  the  fourteenth  course  below  line  of  windoiv 
sills.  Two  lines  were  cut  in  the  end  of  the  bolt,  forming  a  cross  at 
its  center,  and  the  intersection  of  these  lines  is  the  B.  M. 

L. — ^Chewalla,  McNairy  County,  Tenn.  A  copper  bolt  leaded  in  the 
side  face  of  brick  chimney  on  east  end  of  frame  house  occupied  by 
F.  S.  McCallar,  railroad  agent,  at  Chewalla.    The  bolt  is  in  the 
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fonrteeath  course  above  the  ground  and  in  the  second  brick  from 
the  end  of  the  house,  and  in  the  side  of  the  chimney  towards  the 
front  of  the  house.    The  house  is  north  of  the  track  and  east  of  the 
public  road.    Two  lines  were  cut  in  the  end  of  the  bolt,  forming  a 
cross  ( -I- )  at  its  center,  and  the  intersection  of  these  lines  is  the  B.  M. 
r. — Cypress  Greek,  railroad  bridge,  Tenn.    A  square  hole  cut  in  the 
top  of  the  stone  pier  of  the  iron  railroad  bridge  over  Cypress 
Creek.    It  is  on  the  pier  on  the  east  bank  of  the  creek  and  is  south 
of  the  track  outside  of  the  superstructure  of  the  bridge  near  the 
outer  edge  of  the  pier.    The  letters  U.  S.  B.  M.  were  rougbly  cut 
near  it.    The  bottom  of  the  square  hole  is  the  B.  M. 
. — ^Pocahontas,  Tenn.    A  copper  bolt  leaded  in  the  front  face  of  the 
**  Brick  Hotel."    The  bolt  is  in  the  twelfth  course  above  the  ground 
and  in  the  third  brick  from  the  southwest  corner  of  the  building. 
The  hotel  is  north  of  the  track  and  nearly  opposite  the  railroad 
station.    It  is  kept  by  Mr.  Seay,  the  railroad  agent.    Two  lines 
were  cut  in  the  end  of  the  bolt,  forming  a  cross  (+)  at  its  center, 
and  the  intersection  of  these  lines  is  the  B.  M. 
►- — ^Middleton,  Hardeman  County,  Tenn.    A  copper  bolt  leaded  in  the 
face  of  the  west  side  wall  to  the  brick  store  just  west  of  the  hotel. 
The  building  faces  the  railroad  a^ud  is  quite  near  it.    The  bolt  is  in 
the  fourth  course  below  the  front  door  sill  and  in  the  second  brick 
from  the  northwest  corner  of  the  building.    Two  lines  were  cut  in 
the  end  of  the  bolt,  forming  a  cross  (+)  at  its  center,  and  the  inter- 
section of  these  lines  is  the  B.  M. 
^•^ — Saulsbury,  Hardeman  County,  Tenn.    A  copper  bolt  leaded  in  the 
foce  of  the  west  side  wall  to  the  brick  store  owned  and  occupied 
by  R.  M.  Wright.    The  bolt  is  near  the  southwest  comer,  in  the 
twenty-first  course  above  the  ground,  and  in  the  fifth  brick  from 
the  southwest  comer.    Two  lines  were  cut  in  the  end  of  the  bolt, 
forming  a  cross,  and  the  intersection  of  these  lines  is  the  B.  M. 
^ — Grand  Junction,  Tenn.    A  copper  bolt  leaded  into  the  face  of  the 
front  wall  to  the  brick  store  owned  and  occupied  by  W.  E.  Bobin- 
son.    The  store  is  north  of  the  track  and  a  short  distance  east  of 
the  railroad  crossing.    The  bolt  is  near  the  southeast  comer  of  the 
building,  in  the  fourth  course  above  the  front  porch,  and  in  the 
second  brick  from  the  southeast  comer.    Two  lines  were  cut  in  the 
end  of  the  bolt,  forming  a  cross,  and  the  intersection  of  these  lines 
is  the  B.  M. 
^•^  -La  Grange,  Fayette  County,  Tenn.    A  square  hole  cut  in  the  top 
of  the  stone  abutment  to  the  railroad  bridge  over  Main  street. 
The  abutment  is  on  the  east  side  of  the  street  and  is  north  of  the 
track.    The  bottom  of  the  hole  is  the  B.  M. 
^•— La  Grange,  Fayette  County,  Tenn.    A  square  hole  cut  in  the  top 
of  the  stone  abutment  to  the  railroad  bridge  over  Main  street. 
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The  abutment  is  on  the  west  side  of  the  street,  and  is  south  of  the 
track.    The  bottom  of  the  hole  is  the  B.  M. 

H. — Moscow,  Fayette  County,  Tenn.  A  cavity  was  cut  in  the  rough 
face  of  one  of  the  stones  in  the  foundation  of  the  railroad  water 
tank,  and  a  square  hole  made  in  the  bottom  of  this  cavity  for  the 
B.  M.  This  cavity  is  on  the  south  face  (next  to  the  track)  of  the 
foundation,  and  6*2  feet  from  the  southwest  corner.  The  bottom  ot 
the  square  hole  is  the  B.  M. 

G. — Wolf  River  railroad  bridge.  A  square  hole  was  cut  in  the  top  of 
the  stone  pier  to  the  iron  railroad  bridge  over  Wolf  Creek.  It  is 
on  the  pier  on  the  east  bank  of  the  creek,  on  the  inner  side  of  the 
raised  portion  on  the  north  end  of  the  pier,  and  1*5  feet  from  its     \ 

'  n  s  B  ikf  ! 

eastern  face.    It  was  roughly  lettered  q   *  The  bottom 

of  the  hole  is  the  B.  M.  ] 

F. — Rossville,  Fayette  County,  Tenn.    A  square  hole  about  one-fourth     ' 
inch  deep,  cut  in  the  top  of  a  ledge  in  the  stone  foundation  of  the 
railroad  water  tank.    The  hole  is  only  a  few  inches  above  the 
ground,  and  is  2  feet  north  of  the  southeast  corner  of  the  founda- 
tion, and  is  on  the  east  side  of  the  tank.    The  bottom  of  the  square    . 
hole  is  the  B.  M. 

E. — CoUiersville,  Shelby  County,  Tenn.    A  copper  bolt  (fiveeigbths 
inch  in  diameter)  leaded  in  the  front  of  Duloney  &  Patrick's  brict 
storehouse,  which  fa«es  the  public  square  and  Ik  on  the  east  side, 
a  short  distance  from  the  railroad.    The  bolt  is  in  the  eleveot^v 
course  above  the  ground  and  in  the  third  brick  from  the  southw^^ 
corner  of  the  building.    Two  lines  were  cut  in  the  end  of  the  lK>^^i 
forming  a  cross  (+),  and  the  intersection  of  these  lines  is  the  B.  ^* 

D. — ^Bailey's  Station,  Shelby  County,  Tenn.  A  copper  bolt  (fiveeigb*'^^ 
inch  in  diameter)  leaded  in  the  brick  chimney  on  the  west  end  ^ 
J.  W.  Brown's  residence.  The  bolt  is  in  the  corner  brick  on  i^^ 
south  or  front  face  of  the  chimney  and  in  the  twenty-second  cou^ 
above  the  ground.  Two  lines  were  cut  in  the  end  of  the  bolt,  for^ 
lug  a  cross,  and  the  intersection  of  these  lines  is  the  B.  M. 

C. — Germantown,  Shelby  County,  Tenn.  A  square  hole,  about  oi^^ 
fourth  inch  deep,  cut  in  the  northwest  cx)rner  of  the  upper  surface  ^ 
the  stone  cap  to  the  brick  pier,  under  the  northwest  corner  of  tl^ 
platform  to  the  railroad  station.  The  bottom  of  the  square  hole  M 
the  B.  M. 

B. — White's  Station,  Shelby  County,  Tenn.  A  square  hole  cut  in  th^ 
stone  foundation  to  the  railroad  water  tank.  It  is  on  the  top  of  th^ 
offset,  at  the  southwest  corner  of  the  tank,  about  18  inches  abov^ 
the  ground,. and  is  marked  as  follows:  U.     S. 

■     ,  the  letters  bein^ 
B.     M. 

rudely  cut  in  the  limestone.    The  bottom  of  the  square  hole  is  the 
B.M. 
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A. — ^Bantyn,  Shelby  County,  Tenn.  This  B.  M.  is  the  apper  surface 
of  the  first  brick  offset  above  the  ground  ou  the  west  side  of  the 
entrance  to  the  Methodist  church.  Three  lines  were  cut  in  the 
brick,  forming  a  square  with  the  out^r  edge,  and  the  bench  mark 
is  the  upper  surface  of  the  brick  within  this  square.  It  is  on  the 
third  brick  from  the  west  side  of  entrance.  This  church  is  a  sub- 
stantial brick  building. 

IT.  S.  P.  B.  M.  "  Mefaiphis." — Memphis,  Tenn.    Is  the  center  of  a  hole 

in  head  of  copper  bolt  leaded  horizontally  in  £a«e  of  subsill  of  first 

basement  window  from  southwest  corner,  on  west  side  of  new 

custom-house.    It  is  marked  U.     S. 

0     .    This  bench  was  established 
B.     M. 

in  1878  (see  Rep.  of  Miss.  River  Comm.  for  1881,  pp.  65, 66).    When 

visited  in  November,  1890,  this  bench  mark  was  found  undisturbed 

and  in  good  condition. 

Crossroad  Ko.  1. — Ground  at  center  of  track,  at  public  road  crossing, 

^  miles  west  of  Corinth,  Miss. 

Crossroad  No.  2. — Ground  at  center  of  track  at  public  road  crossing  at 

Wenasoga. 

Crossroad  No.  3. — Ground  at  center  of  track  at  public  road  crossing  at 

Gheewalla,  Tenn. 

Railroad  station  No.  4. — Ground  at  center  of  track  opposite  railroad 
station  at  Pocahontas. 

Kailroad  station  No.  5. — Ground  at  center  of  track  opposite  railroad 
station  at  Middletown. 

Crossroad  No.  6. — Ground  at  center  of  track,  public  road  crossing  at 
64-mile  post. 

Railroad  station  No.  7. — Ground  at  center  of  track  opposite  railroad 
station  at  Saulsbury,  Tenn. 

Crossroad  No.  8. — Ground  at  center  of  track  at  public  road  crossing  2 J 
miles  west  of  Saulsbury,  Tenn. 

Orossroad  No.  9. — Ground  at  center  of  track  at  crossing  of  Illinois  Cen- 
tral Railroad,  Grand  Junction,  Tenn. 

Cj'ossroad  No.  lO.-^Ground  at  center  of  track  at  public  road  crossing 
4  miles  east  of  Moscow,  Tenn. 

-^ilroad  station  No.  11. — Ground  at  center  of  track  opposite  old  rail- 
road warehouse  at  Hays'  Crossing. 

^^Uroad  station  No.  12. — Ground  at  center  of  track  opposite  railroad 

station  at  Rossville. 
^^"o^sroad  No.  13. — ^Ground  at  center  of  track.  State  line  road  cross- 
ing, 2i  miles  east  of  Colliersville,  Tenn. 
^^ailroad  crossing,  station  No.  15. — Ground  at  center  of  track  opposite 

raikoad  station  at  Bailey's. 
Crossroad  No.  16. — Ground  at  center  of  track  at  public  road  crossing 
at  Forest  Hill. 
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Bailroad  station  No.  17. — Ground  at  center  of  track  oppoHite  railroad 

station  at  G^rmantown. 
Crossroad  No.  18. — Ground  at  center  of  track  at  Grier's  road  crossing. 
Crossroad  No.  19. — ^Ground  at  center  of  track  at  Pigeon  Boost  road 

crossing. 
^Railroad  crossing,  station  No.  14. — Ground  at  center  of  track  opposite 

railroad  station  at  CoUiersville,  Tenn. 


APPENDIX  No.  8—1892. 


riDES  AND  CUREENT8  IN  THE  HARBOR  OF  EDGABTOWN  AND 
IN  KATAMA  BAT,  MARTHAS  YINEYASD. 


A  report  by  Hiskrt  L.  Marindik^  Assistant. 
Sabmitted  for  publication  April  2b,  1892. 


^nowing  report  on  the  tides  and  cnrrents  in  the  harbor  of 
wn  and  Katama  Bay,  Massachusetts,  based  on  observations 
ring  the  summer  of  1891,  is  offered  in  advance  of  one  to  be 
the  ^'  comparisons  of  changes  in  the  shores  and  bottom  of  the 
ince  previous  surveys." 

>eiK)rt  dated  September,  1886,  published  as  Appendix  No.  9, 
or  1886,  Assistant  Henry  L.  Whiting  says: 

tidal  cnrrentfi  through  the  inlet,  through  the  narrows  of  Cotamy  Bay, 
iTongh  Edgartown  Harbor,  are  now  yery  strong.  I  am  unable  to  state 
act  velocity,  but  it  has  had  the  power  to  increase  the  depth  of  water 
the  front  of  the  town  and  about  the  wharves.  The  currents  are  also 
ng  a  change  in  the  position  and  depth  of  the  point  of  Chappaqutddick, 
ite  the  town.  They  also  affect  the  maneuvering  of  vessels,  which  now 
» like  to  anchor  above  Chappaquiddick  Point. 

fishermen  state  that  the  scour  of  those  currents  is  iojuring  the  olam 
nahaug  grounds,  which  are  of  much  local  value.  I  have  endeavored 
srtain  whether  the  tidal  currents  through  the  harbor  were  stronger 
han  when*  the  inlet  of  1866  was  open.  From  such  facts  as  I  could 
r,  however,  they  seem  to  have  about  the  same  force.  *  *  • 
t  these  strong  currents  must  produce  changes  in  the  physical  condition 
)  harbor  seems  self-evident.  The  very  peculiar  tidal  phenomena  con- 
I  with  it  makes  the  study  of  the  subject  one  of  special  interest.  Com- 
l  the  time  the  present  inlet  h&s  been  open,  about  eight  months,  with 
ghteen  or  twenty  years  of  less  effective  action  since  the  former  inlet 
,  the  probabilities  are  that  the  harbor  channels  and  shoals  are  still  in 
sition  state. 

)  time  of  Mr.  Whiting^s  examination  the  barrier  between  Ka- 
y  and  the  ocean  had  just  been  broken  through^  creating  the 
ding  in  about  twenty  years.  The  statement  about  the  strength 
Lrrents  in  the  report  must  have  referred  to  the  then  condition 
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as  compared  to  that  with  no  outlet  through  Katama  Beach,  and  it  is 
to  be  regretted  that  no  observations  of  the  velocity  of  the  coirenta 
were  made  either  under  the  cotiditiou  of  no  opening,  as  in  1871,  or  of  one 
opening,  as  in  1886. 

If  the  circulation  through  the  harbor  and  bay  induced  stroog  cof- 
rents  with  one  opening,  the  case  must  be  aggravated  with  three  inlets. 

It  is  believed  that  the  conditions  which  now  obtain  throughout  tiiis 
locality  have  materially  changed  the  regime  of  the  tides  and  currents^ 
and  that,  consequently,  the  present  knowledge  of  these  phenomena 
does  not  represent  actual  facts. 

This  change  is  attributed  to  the  existence  of  three  inlets  through  tiie 
south  beach  of  E^tama  Bay,  which  admit  such  a  volume  of  tide  water 
firom  the  ocean  as  to  influence  the  tide  throughout  the  bay  and  harbor 
as  far  as  Vineyard  Sound. 

With  no  inlet  from  the  ocean  side,  the  tide  in  Eatama  Bay  is  of  the 
type  of  the  Sound  tide;  with  three  inlets,  the  ocean  tide,  of  ^eatet 
range  and  difleriug  in  time,  being  freely  admitted  is  the  cause  of  tb-^ 
interferences  shown  in  the  accompanying  diagrams. 

In  order  that  one  may  follow  the  treatment  of  the  tide  and  corren'i^^ 
adopted  in  this  report,  there  have    been  introduced  much  of  1 
observed  data  in  tabular  form. 

Illustration  Ko.  20  shows  the  locality,  with  the  location  of  the  ti< 
and  current  stations. 

In  Tables  1  to  4  will  be  found  the  observations  of  the  tides  at  foru- 
stations  situated  along  the  path  of  the  tide  from  the  entrance  into  th^ 
harbor  to  the  ocean  at  the  south  shore.  These  observations,*  covering 
somewhat  more  than  one  lunar  month,  are  here  grouped  according  UP 
lunar  hours;  from  these  we  obtain  a  mean  tide  for  each  of  thefour^ 
stations. 

Illustration  No.  21  represents  these  mean. tides,  from  which  we  can 
derive  the  synchronous  differences  in  height  of  water  surface  at  any 
time  of  the  tide. 

The  times  of  maximum  slopes  and  of  restoration  bt  level  are  graphic- 
ally represented  on  Illustration  No.  22.  For  greater  practical  use  the 
intervals  are  referred  to  the  time  of  high  water  at  Edgartown  light- 
house. It  will  be  observed  that  maximum  ebb  slope  occurs  13  minutes 
after  high  water;  at  this  moment  the  current  is  setting  from  the  Sound 
through  Katama  Bay  to  the  ocean  at  nearly  maximum  strength.  The 
mean  difference  in  height  between  the  ocean  and  the  Sound  is  then 
1-75  feet;  of  this  difference  55  per  cent  is  found  between  the  ocean  and 
Katatna  Bay,  within  a  distance  of  pne-eighth  of  a  mile.  It  is  safe  to 
assume  that  under  favorable  conditions  a  slope  100  per  cent  greater 
than  the  above  may  be  found  within  the  same  limits. 

*  Obsfiryations  were  made  during  the  daytime  only^  as  bat  one  Belf-registering 
tide  gauge  was  available. 
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On  ike  tides  and  currents  in  the  harbor  ofEdgartown  and  in  Katama  Say. 

Maiimam  flood  slope  occurs  6^  25°^  after  high  water;  the  current  is 
now  setting  in  the  opposite  direction,  but  nearly  one  hoar  past  maxir' 
mum  strength.  The  difiference  in  height  between  ocean  and  Soand  is 
1*72  feet,  57  per  cent  of  which  is  located  in  the  eightli  of  a  mile  between 
ocean  and  bay.  The  restoration  of  level  on  a  rising  tide*  takes  place 
2^  SS'^before  high  water.  This  restoration  of  level  is  not  quite  synchro- 
nous, bat  the  differences  are  so  slight  as  to  practically  amount  to  a 
level  plane.  At  this  moment  the  current  slacks  and  then  turns  from 
north  to  south  throughout  the  bay. 

The  restoration  of  level  on  the  fallirs^  tide  occurs  3^  60"  after  high 
water,  and  at  this  moment  the  current  hu  '-,  and  the  turning  from 
south  to  north  follows. 

In  Table  5  will  be  found  the  establishment  of  high  and  low  water 
with  that  of  the  turning  of  the  currents.  It  will  be  observed  that  the 
tide  of  the  southern  part  of  Katama  Bay  follows  closely  the  tide  of  the 
south  shore.  At  low  declination  of  the  moon  this  phase  extends  to  the 
Swimming  Place;  we  find  then  two^distinct  high  waters,  the  first  high 
water  having  the  greater  amplitude  and  occuring  VIII^  XXXIV"  after 
the  moon's  transit,  while  the  second  high  watei  remains  at  the  estab- 
lishment (XII^  XXIX")  given  in  the  table  &s  the  mean  for  a  lunar 
month. 


Table  5. — Establishment  of  high  and  low  water,  with  turning  ofcurrentSy 

from  observations  in  1891. 


LooOity. 


^dgartown 
light-house. 


^'wimming 

Place. 
^est  opening 

(inside). 

South    snore 

(ocean). 


Time  after  mooa's  transit 


High  water. 


A. 
XII 


XI 


XII      XXIX 


VIII 


IX 


VII    XXXIV 


Low  water. 


A. 
V 


m. 
VI 


XI 


Current  turns. 


East  to 
west. 


A. 
X 


m. 
IV 


North  to 
south. 


XI     XX 


II       LV  Nx    XLI 
I     XXII 


West  to  east. 


Am  fft, 

III      XXI 


South  to 
north. 


A%  w, 

III   LVIII 

III     XLI 


Maximum  streng^th 
(approximate). 


Westerly 
current. 


A,        fn. 
XI  XXII 


Southerly. 


A.       fft. 
XI    LIU 

O      00 


Easterly 
currenL 


A.     tn, 
V      X 


North- 
erly. 


A, 
V 


V    XLI 


*  In  speaking  of  rising  and  falling  tide,  reference  is  made  to  tlie  tide  in  bay  and 
arbor,  and  not  to  the  tide  on  the  south  shore  where  the  reverse  woald  apply. 
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TIDAL  CURRENTS. 

Observations  of  the  drift  and  set  of  the  currents  were  made  with  t 
Bitchie-HaskeU  electric-current  meters  (Kos.  3  and  4)  at  the  foUowi 
stations :  At  the  entrance  to  Edgartown  inner  harbor,  at  the  Swimra: 
Place,  and  in  the  inlets  into  Katama  Bay.  The  observations  in  ' 
inlets  were  not  wholly  satisfactory,  owing  to  the  great  difficulty  in  s 
tioning  and  holding  a  boat  for  any  length  of  time  in  such  exposed  pls^ 
The  observations  are,  however,  sufficient  to  indicate  the  type  of  ccl: 
of  velocity,  but  do  not  represent  fairly  the  maximum  strength.  Tb 
curves  of  velocity  are  exhibited  on  Illustration  No.  23,  in  connect; 
with  the  tidal  curves  at  the  stations  where  observed. 

Nowhere  within  this  field  have  we  recorded  velocities  exceedio 
feet  per  second.  We  are  convinced  that  velocities  twice  as  great  n 
be  found  and  observed  within  these  openiiigs. 

At  the, entrance  to  the  inner  harbor,  off  Edgartown  light-house, 
maximum  strength  observed  for  westerly  current  was  1"85  feet  per  e 
ond  about  49  minutes  before  high  water,*  and  for  easterly  set  1*35  i 
per  second,  6*>  23°»  after  high  water.^ 

At  the  Swimming  Place,  which  is  the  narrowest  part  of  the  arm  e 
necting  Edgartown  inner  harbor  with  Katama  Bay,  the  currents 
decidedly  stronger,  the  greatest  strength  was  4*2  feet  per  second 
the  southerly  set  18  minutes  before  high  water.    During  the  northe 
set,  the  maximum  strength  was  found  to  be  2*75  feet  per  second  5^  t 
after  high  water. 

At  the  west  opening,  the  greatest  strength  was  not  fully  asceitaii 
for  reasons  stated  before.  For  southerly  current,  the  maxim 
strength  will  occur  near  the  transit  of  the  moon,  or  about  13  mintx 
after  high  water  at  Edgartown  light-house. 

For  northerly  flow,  the  maximum  strength  will  occur  about  6*»  < 
after  high  water  at  Edgartown  light-house. 

In  the  middle  opening,  the  period  of  strength  of  current  folio 
closely  that  approximated  for  the  western  inlet. 

At  the  eastern  opening,  which  is  on  the  threshx^ld  of  closing  i 
the  currents  present  anomalies  which  might  develop  in  special  featu: 
with  a  more  extended  series  of  observations  than  those  now  at  hand 

The  observed  intervals  of  high  and  low  water,  and  the  turning 
the  currents  after  the  transit  of  the  moon,  for  four  stations,  will 
found  in  Tables  6  to  9.    These  tables  are  appended  more  with  the  pi 
pose  of  securing  their  preservation  for  future  use,  if  needed,  than  : 
fiirther  discussion. 

The  data  contained  in  them  can  be  reenforced  by  supplementa 
observations  at  any  future  time. 

*  Whenever  high  water  is  mentioned  without  specifying  the  place  it  refers  to  i 
liigh  water  at  Edgartown  light-house. 
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Table 


SOUTH  SHORE,  M 
[Obserircd  hei|(hta 


Date. 

0 

h 

I 

Ih 

II 

III 

III 

in* 

IV 

1V| 

1891. 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A' 

. 

Aug.  28 

■ 

.... 

-__. 

> 

29 

1-29 

V17 

I-IO 

I'lO 

I-I2 

1-23 

*i'3S 

I'52 

i'75 

I '96 

30 

i-oo 

090 

I-oo 

I-oo 

I'OI 

1*12 

I-2I 

1-35 

1-55 

i*8o 

31 

118 

*    I'lO 

I-IO 

1*09 

I'lO 

i'i8 

1-36 

1-68 

1-80 

2*10 

Sept.    I 

1-46 

123 

I '06 

I-oo 

103 

112 

1-29 

1-54 

I  80 

2'10 

2 

125 

I -01 

I'OO 

I'OO 

I  00 

I'lO 

1-26 

i'5o 

I -80 

2*10 

3 

116 

I'OO 

o-8o 

.... 

.... 

-_.- 

.... 





- 

4 

112 

0*90 

o-8o 

0*85 

0'95 

113 

1-40 

170 

2*00 

2*25 

5 

0*92 

0*71 

0-70 

0-78 

0-90 

I'lO 

1*50 

I '80 

1*91 

2*20 

! 

6 

118 

I-IO 

I'lO 

I'I2 

1-30 

1-45 

1-70 

1*97 

(2*  10 
$2*13 

U'30 

7 

-  -  •-• 

«  «  <»  » 

—  -M  *  •• 

—  w  M  « 

.... 

i'7S 

2-02 

218 

\                »* 

.... 

. 

8 

I  20 

I'20 

1-30 

I -20 

1-30 

1*50 

-.•. 

..•• 

*«  MM* 

^ .. .  _. 

, 

9 

185 

170 

I -60 

I -60 

i'6o 

1-56 

1-75 

2'00 

236 

2 -60 

10 

I '60 

1*50 

1-40 

1*22 

137 

1-52 

I'72 

I '95 

2'05 

2*26 

II 

I  65 

Jf20 

>r2o 

1-20 

i'3i 

I'Si 

1-63 

1*84 

2*05 

2-30 

12 

I'lO 

IIO 

I -20 

I'20 

1-30 

I '40 

i'6o 

1-70 

I '94 

236 

13 

152 

I-4I 

148 

1*50 

1-50 

I '60 

1-70 

1*90 

2*20 

2-45 

14 

1-63 

1-44 

1-30 

I -20 

1*40 

i-6o 

I -80 

210 

2*41 

263 

15 

1*04 

0-90 

0-90 

0-90 

I'lO 

I '20 

1*50 

I '80 

2'26 

265 

16 

---- 





0'3S 

055 

076 

1-09 

I 'SO 

I -80 

2*20 

'7 

0-56 

028 

0-15 

0-03 

0'12 

038 

073 

I  30 

i'8o 

2-27 

18 

0*20 

— 0-05 

— o-io 

— O'lO 

o*oo 

0-36 

07s 

I'26 

I  80 

2'38 

19 



«M  ^   ^  ^ 

—   «M    «   « 

O-IO 

0-25 

055 

0*91 

1-45 

1-94 

2-46 

20 

083 

0*62 

0-50 

O'So 

0-60 

0-88 

1'20 

i'6i 

1-90 

282 

21 

o*93 

077 

063 

0'66 

0'8s 

097 

I  30 

1-88 

2*40 

2*8 1 

22 

1-47 

1-36 

1*25 

1-30 

1-40 

1-52 

1-80 

218 

2-68 

311 

23 

173 

1-53 

1-40 

I '42 

1-40 

1-65 

2-00 

2'20 

2*45 

2*78 

24 

2-18 

1-97 

1-60 

1-65 

1-87 

205 

2-25 

2-40 

2-6o 

2-86 

25 

(130 
)l-9i 

|l-28 

1*20 

1-30 

i'3i 

1-44 

I -60 

i-8o 

2-IO 

2-37 

26 

1*40 

1-40 

1-40 

1*40 

1-40 

1-50 

r6o 

i-8i 

2-05 

2*33 

Sums. 

34-66 

3023 

27*07 

26-57 

29-04 

3513 

40*02 

4792 

55-63 

6245 

7 

Means. 

1-28 

1*12 

1-04 

0-98 

1-07 

1*25 

148 

i'77 

2-o6 

2*39 
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If 0.1. 


ARD,  MASS. 
Tide  Gauge  No.  4.I 


vii 

VII 

VII4 

VIII 

VIIIJ 

IX 

IX* 

X 

X* 

XI 

XU 

ft- 

ft- 

^\ 

A 

ft' 

ft- 

ft- 

ft- 

^•0 

ft' 

-... 

350 

360 

350 

3-50 

3-30 

3*  10 

2-95 

2*8c 

«  —  •- 

m^    .  •. 

303 

3-i8 

328 

330 

3*22 

2*95 

2*70 

1*98 

1*76 

1*58 

1*46 

3-03 

315 

320 

340 

3-45 

-  —  -  - 

2*15 

2*00 

1*65 

1-41 

1*30 

I    332 

341 

362 

370 

305 

2*86 

2*55 

2*25 

1*98 

1*75 

1*40 

i     3-33 

345 

/3*40 
\3-6o 

}3-40 

3-30 

3*00 

2*88 

2*57 

2*26 

1*88 

1-66 

2     3-32 

3-27 

3*45 

3-50 

3'3S 

305 

2*78 

2*40 

2*00 

170 

1-47 

3     320 

350 

•  350 

340 

3-30 

300 

2'6o 

2*30 

1*90 

1*70 

138 

3     340 

352 

360 

355 

3*30 

2*93 

2*50 

2'20 

1*90 

1*62 

1*36 

0     342 

3-50 

350 

340 

310 

275 

2*40 

2*IO 

173 

1*50 

1*18 

5     348 

3*6o 

360 

340 

3'20 

2-8 1 

2*40 

2*10 

1*90 

I '60 

1*48 

\     3*26 

340 

3-40 

326 

2-92 

2*66 

2-31 

1*95 

V*82 

1*65 

1-32 

3-51 

3'6o 

370 

356 

322 

2*95 

2-63 

2*42 

2*22 

2*02 

1*90 

318 

320 

314 

2-95 

275 

2-55 

2-35 

2*12 

2*00 

1*90 

1*70 

3-20 

320 

315 

305 

2-87 

2*68 

2-47 

2-27 

2*12 

1*93 

1*82 

3' 10 

315 

3*18 

306 

2-93 

2*8o 

2-65 

2*53 

237 

2*19 

1*95 

3-34 

342 

350 

3-50 

3-35 

3'io 

293 

2.77 

250 

1*72 

163 

373 

392 

4-00 

3*90 

370 

3-45 

3'20 

2*35 

2*  10 

1*92 

1*78 

4'3 

423 

423 

403 

380 

2-70 

2*45 

2*12 

I*8l 

1*58 

1*29 

4-02 

411 

4-i8 

359 

325 

2*91 

2*6o 

---- 

.--- 



• 

4*40 

[4-28 

/408 
14-40 

}3*95 

372 

3-38 

2*96 

2*58 

2-17 

1*76 

I'27 

0-85 

450 

4*20 

4*00 

3-48 

3-02 

234 

1-93 

1*50 

0*95 

055 

4"78 

4-87 

470 

4-35 

Y-ss 

3-30 

V-Ss 

2*50 

2*IO 

1-70 

1*20 

4*52 

4-56 

4-37 

4-10 

3-68 

324 

2*76 

2*35 

2*05 

1*72 

1*22 

450 

450 

4-40 

-  415 

3-66 

3*35 

3-03 

275 

2*40 

1*96 

1*62 

410 

4*10 

4*00 

390 

3*40 

3*  10 

2*90 

2*67 

2*50 

240 

1*97 

4»3 

4*20 

4'12 

392 

• 

3-66 

3*43 

3*»Q 

2-90 

2*8o 

2*60 

2-38 

3*26 

3-30 

3-30 

3«8 

2-97 

273 

2*65 

2*51 

2*40 

2*30 

2*02 

.3*22 

327 

324 

3-25 

317 

3-00 

2*85 

275 

2*65 



1*51 

9«I9 

108*09 

107-11 

I00'02 

92*81 

80*58 

7471 

63*91 

5698 

44-55 

39-40 

3-^ 

372 

369 

3'57 

3-3I 

298 

2-67 

2-37 

2*11 

178 

1*51 

232 
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Table 
west  open! 

[Obienred  heic 


Date. 

0 

1 

I 

li 

1891. 

fi^ 

ft' 

fi'  0 

ft' 

Aug.  24 

2-31 

2*21 

2-08 

1*90 

25 

2-46 

2*36 

2-15 

•.• . 

26 

2*51 

.••  — . 

1*67 

156 

27 

176 

1-82 

I -80 

1*70 

28 

2-12 

2.12 

2*09 

2-02 

29 

1-98 

1-95 

1-92 

1*82 

30 

171 

172 

182 

1.85 

31 

I -95 

200 

2*00 

1*92 

Sept.    I 

2' 10 

2-11 

208 

2*00 

2 

1.88 

1*90 

1*90 

1-88 

3 

1-82 

1.85 

180 

1*72 

4 

1*92 

1-93 

1*91 

1*86 

5 

2-00 

2-00 

1-92 

i*8o 

6 

2*21 

2-27 

2-17 

2*IO 

7 
8 

2*17 

2-15 

2*14 

2*02 

9 

2-54 

2-50 

2*40 

230 

10 

2-36 

2-35 

223 

1-85 

II 

2*45 

182 

I  80 

i-8o 

12 

«7S 

175 

»73 

173 

13 

2*01 

2*02 

203 

1-96 

14 

2-41 

2-38 

228 

2*12 

15 

2-17 

2*14 

203 

I -80 

16 

215 

2-09 

1-95 

1*72 

17 

223 

2*15 

1*94 

170 

18 

2*o8 

2-0O 

183 

1-55 

19 

2*46 

2'33 

2-IO 

1-85 

20 

275 

2-6o 

2*37 

2*IO 

21 

278 

2-6o 

2*40 

2-19 

22 

2-95 

2-8c^ 

262 

2*42 

23 

303 

2*90 

277 

-  —  _  - 

24 

308 

305 

2-51 

2*45 

25 
26 

1-98 

1-93 

1-85 

i*8o 

__  _- 

Sums. 

72-08 

6780 

66*29 

57-49 

Means. 

2-25 

2*19 

2*07 

1*92 

n 


fi- 


1*50 
1-65 

1.97 

175 
I -801 

1-85 
1.90 
r8o 
1-62 
177 
1-67 

2*07 

1.92 

V-82 
1*78 
1*68 
1*86 
2*05 
1*72 

1.55 
1.50 

1-30 

I '60 

1*92 
1-98 

1-76 

205 


49-6Z 
177 


11*     in 


ft' 


1-47 
1*62 

1*92 

1*67 

175 

1*90 

185 
177 

1.60I 

173 
1*62 

2-03 


86| 

95 

85 

77 
68 

84 
98 

65 

43 

27 
10 

40 

60 

65 


175 

2'OI 


4772 
1-69 


ft' 


1-43 
I '60 

1.90 

i*6i 

1*71 

1*90 

1-83 
I  80 

1-68 

178 

1*74 

204 


1-75 

2'00| 
185 
175 

1.66 
177 
1*97 
1-65 
1*47 
1*25 
1*10 
1*25 

1*35 
2.02 

2*30 
174 

.1*94 


4984 
1*72 


HH 


ft- 


1*68 
1-48 
1.62 
1-90 
163 
171 
1*97 

1-83 
185 
1*80 
1*90 

1-85 
2*10 

2'20 
I -80 
2*07 

•84 

75 
•68 

75 
205 

.70 

•57 

•32 

•35 
•40 
•42 

77 


2*32 
1-70 
1-88 


54-89 
177 


IV 


ft- 


1*76 
1*64 
171 

2-0O 

1.68 
1.78 

2-0O 
1*90 
1*90 
1*92 
1-96 
1*98 
2*05 

2*o8 

2-36 
195 

2-IO 
185 

f8o 
175 
1-86 
218 
1-87 
178 
1-66 
x-60 
1-65 

1*91 

2*15 

2-37 
178 

1-91 


60-89 
f-90 


IV| 


A 


1*90 
178 

r8o 
2-04 
I -80 
1-87 

2'IOi 
2*05 
2*05 
2*05 
2.06 
2-05 

2.05 

2*50 
215 
2'20 

1-88 

1-87 

1*88 
1-98 
2-27 

2*00 
1-96 

1-85 

1-90 
1.90 

2.10 

2-31 
2-21 
2*40 
1-90 
2-01 


64*87 
2*02 
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g^uge  No.  2. 


j^TAMA  BAY. 
^^Of^(AGmsi%z  No.  4.1 


VI 

VIJ 

vir 

V1I| 

VIII 

viiH 

!5c 

IX* 

• 

X 

Xi 

XI 

XII 

A 

fi- 

fi' 

fi' 

fi' 

ft. 

fi' 

fi' 

ft- 

fi' 

ft- 

fi- 

._• 

». — — 

— _— IB 

•_ — - 

>— ■•• 

.  _  -. . 

m  ••— «• 

•  —  «« 

^  M  —  «. 

232 

2*34 

V50 

2-65 

280 

2-92 

2*91 

2.81 

2-67 

2-45 

2*31 

232 

2-45 

2.48 

2-30 

252 

2*68 

280 

2-83 

272 

2.60 

2*46 

2-40 

2-45 

2-52 

2-55 

T22 

2*45 

2-65 

278 

2-85 

280 

273 

262 

2-6o 

2-65 

2-68 

^^t\ 

2-6o 

280 

300 

302 

305 

300 

2*94 

2.92 

2*93 

1*96 

V-oS 

TlS! 

j 

230 

2-40 

258 

269 

270 

2-68 

2*60 

198 

1-93 

.1.90 

1-92 

2-jO( 

2SO 

2.50 

— —_• 

H.... 

-  «•  »_ 

•  *  *  * 

1*92 

1-90 

1-70 

1-66 

1-70 

2'47 

i-6o 

278 

298 

•>•«»« 

__  _  „ 

M   M    M    W 

mm  ^  %m^ 

^  ^  ^^ 

•  •  — ■  • 

^  ^  ^  V 

2'00 

2-44^ 

a*6o 

2-80 

^  —  ^  » 

»    —    ^    » 

»<».•« 





228 

2-17 

2.07 

2'IO 

m 

2*6o 

— •— • 

»•'—'« 

___    — 

... . 

•   _   «•   * 

M     _    ^   • 

2-16 

1-97 

1-86 

'•87 

rp. 

2*40 

2-55 

273 

287 

2-66 

2-55 

230 

2*10 

1-88 

177 

178 

m 

2-50 

2-68 

280 

2.85 

2.80 

2-6o 

2-35 

2.14 

1-98 

1-91 

1-88 

m^ 

2-50 

2-68 

2*8o 

287 

.    272 

2-55 

232 

2*12 

2*O0 

1-98 

1*93 

14% 

2*60 

2*80 

2-90 

2-88 

280 

2*66 

2-50 

2-25 

2-12 

2-13 

2-23 

ni 

2-50 

2-65 

271 

275 

270 

2-55 

2-33 

2-15 

2' 10 

"2"  1 8 

V-i8 

2.40 

2-50 

275 

304 

3-06 

304 

2-95 

270 

2*62 

2-6o 

2-59 

2-56 

2-20 

:2-32 

2-48 

252 

2-55 

2*50 

2-44 

2-35 

2-25 

2-28 

2*37 

2-37 

2-26 

2*40 

2-55 

267 

270 

2-65 

2-53 

2*40 

2-35 

2*42 

2-48 

2-47 

2-30 

242 

2-56 

267 

2-68 

2-65 

2-64 

2-6o 

2-55 

270 

2-78 

^35l 

250 

270 

282 

2-92 

2-93 

2-88 

283 

2-85 

-•  —  • 

197 

2'0O 

2-7  S' 

294 

317 

332 

3^-35 

335 

yn 

.  -•- 

2.30 

232 

2-35 

•2-38 

'■'1 
2*73; 

300 

325 

338 

348 

^.-- 

2*40 

2-28 

2'20 

2*12 

2-12 

2-17 

2*93 

318 

.... 

300 

2*90 

2-68 

2*50 

2-30 

2-25 

2-23 

223 

2*73\ 

3*07 

312 

3*  10 

294 

275 

2.50 

2*25 

217 

2.17 

2*22 

2-671 

2.90 

-••• 

•  •«- 

300 

2-66 

2*31 

2*06 

1-98 

1-95 

2-00 

1 

.  -•• 

-^•^ 

352 

3-48 

330 

2*92 

256 

2-43 

2-45 

2-50 

2*52 

•  W*| 

____ 

-••• 

371 

3-68 

350 

3' 10 

2-85 

275 

272 

278 

2-88 

2-9*1 

320 

341 

3*47 

346 

3-38 

310 

280 

Zli 

278 

282 

2-8l 

3-08 

328 

3-51 

367 

361 

3*45 

330 

314 

3-o8 

306 

3-05 

3-00 

270 

298 

320 

330 

330 

320 

301 

302 

301 

305 

3U 

3" 

2-65 

310 

3*33 

3-41 

346 

3*35 

326 

310 

310 

317 

315 

313 

2-30 

2-41 

2-56 

270 

271 

275 

274 

2-67 

265 

270 

276 

2-80 

2-35 

250 

270 

2-8o 

287 

2-90 

2-88 

290 

2-90 







7406 

7670 

7919 

8112 

8193 

7955 

7816 

-  7230 

75-67 

68.97 

72-59 

69-69 

2 

3 

2-64 

283 

300 

yoz 

294 

279 

258 

2-44 

237 

2*34 

• 

2-32 

234 


U.   8.   COAST   AND   GEODETIC   SURVEY. 

SWIUMIN&PLACB 

Table  3.-IWe 

[Obwrred  height!  ndsnd 


Date. 

0 

ft 

I 

Ift 

II 

lift 

III 

1 

Illft 

IV 

IVft 

V 

ft' 

Vi 

1891. 

fi' 

>*•«« 

A 

fi' 

A 

A 

A 

ft' 

A 

ft 

fi- 

Aug.  24 

2-98 

2-88 

270 

254 

•  —  _• 

—  .-- 

... 

^■^mm 

^■••* 

25' 

3.02 

291 

275 

232 

2*12 

1-96 

175 

1-53 

1-35 

117 

118 

I-: 

26 

308 

*  »  ■*  w 

2-27 

2*16 

2-o6 

1-88 

170 

1-50 

136 

115 

I'lO 

\' 

27 

2-47 

2-45 

2-35 

2*26 

2*l8 

2*10 

1*92 

170 

1-57 

y^ 

130 

t' 

28 

2-68 

2*64 

2-6i 

2-50 

2*40 

2-31 

2-i8 

2-00 

195 

i-8o 

171 

I- 

29 

2-48 

2-49 

2-49 

2*42 

2'25 

2*12 

1-97 

182 

»74 

I -60 

1-50 

i' 

30 

2-30 

2*35 

2-37 

235 

2-30 

2*22 

2'l6 

2' 10 

1-95 

183 

177 

f  • 

^        31 

2*50 

2-50 

2-49 

2-45 

2-36 

2-35 

230 

2*20 

2- 10 

208 

2-04 

I* 

Sept.    I 

263 

2-67 

2-53 

2*50 

2-43 

230 

2*22 

2*  10 

1-92 

I  90 

190 

I' 

2 

2*42 

2*48 

2*48 

2-50 

2-38 

2-27 

2-20 

2- 10 

1-97 

1-86 

17s 

I 

3 

238 

2*45 

2*42 

2*33 

2'20 

2' 10 

2-00 

1-95 

1-92 

200 

1-93 

I 

4 

248 

2-53 

2*51 

2*40 

2-25 

2«20 

2'II 

2-00 

1*92 

175 

1-66 

I 

5 

2*51 

2-68 

2*50 

2-36 

2*20 

2-10 

2*01 

1*92 

1-90 

r8o 

1-5^ 

I 

6 

270 

275 

2*71 

2*6o 

'248 

2*44 

2-35 

^•22 

(2*00 
^208 

J177 

170 

I- 

7 

328 

325 

3-17 

305 

2-85 

2-65 

2-38 

2-25 

2-24 

2- 10 

2-07 

2 

8 

270 

2-63 

2*55 

2-48 

2-36 

2*20 

1-83 

1-88 

1-92 

1*91 

187 

r 

9 

2-98 

2-92 

2*82 

273 

-_  _  — 

230 

2*20 

2*05 

2'CX) 

1-90 

1*90 

V 

10 

2*84 

277 

2-68 

2*42 

2-23 

2*15 

2-00 

1*91 

178 

1-62 

1-53 

I- 

II 

2*90 

2-30 

230 

225 

218 

2-07 

1*92 

178 

1*64 

1-47 

1-45 

I- 

12 

2-28 

2-26 

•     2-22 

2*17 

2*12 

203 

1*91 

"■75 

1-67 

1*54 

1-53 

I- 

13 

256 

2-55 

2*50 

2-45 

2-31 

2*l6 

2-00 

I  80 

172 

i'55 

1-57 

I- 

H 

285 

2-84 

273 

260 

2*46 

231 

2*17 

2*fO 

2*03 

1*96 

I '96 

2- 

15 

270 

2-65 

2-6o 

2-35 

2-22 

2*o6 

1-87 

172 

I  63 

1*55 

151 

r 

16 

277 

7-68 

2-50 

2*35 

2-l8 

1-97 

175 

1-57 

x-48 

1*35 

1-35 

I 

17 

2-83 

276 

2*6o 

2*40 

2-15 

1*91 

1-58 

130 

X'I2 

1*00 

i-o6 

I 

18 

272 

2-67 

2-48 

230 

2*05 

178 

1-45 

ITO 

0-84 

070 

0-80 

I- 

19 

306 

2-92 

272 

250 

2-2: 

1*90 

1*50 

1*20 

I -00 

088 

•— — - 

r 

20 

3*33 

320 

300 

272 

2-4^ 

2'IO 

170 

1-33 

108 

I'20 

I -30 

V 

21 

334 

320 

2-98 

283 

2-56 

218 

180 

1-53 

1*35 

1*25 

1-32 

V 

22 

3*47 

3*33 

315 

2*96 

«7S 

-  ~  .. 

2*10 

1-96 

I -80 

171 

182 

T 

23 

353 

3-42 

330 

— — •— 

2-40 

^*?§ 

2*10 

198 

1-83 

170 

r7c 

r 

24 

353 

3*40 

301 

2*90 

278 

2-68 

2*55 

2-40 

2- 20 

2-07 

2-02 

T 

25 

2*47 

2-46 

2*37 

230 

2-l8 

2-03 

1*90 

172 

1-52 

1*40 

138 

V 

26 

2*62 

2-66 

■2-64 

2-55 

.    2-50 

2*40 

2-25 

2*05 

1-88 

1-82 

176 

V 

Sums. 

9539 

9065 

8950 

8200 

7460 

69-48 

6583 

60-52 

5846 

5275 

51*02 

55" 

Means. 

280 

•274 

263 

2-48 

2*33 

2-17 

2*00 

1-83 

172 

1*60 

159 

r 
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EDGARTOWN  HARBOR. 

Gauge  No.  3» 

to  stiff  of  T.  a.  No.  4.] 


VI 

VII 

VII 

• 

Vlli 

VIII 

VIII* 

IX 

IX* 

X 

X* 

XI 

xi» 

A 

A 

A 

'A 

A 

/'• 

A 

A 

A 

A 

A 

A' 

•-•• 

w  ^  ^  * 

•_••• 

^^  ^  « 

M  «  M  * 

»••— — 

•  «M^     ^ 

_  ^.  ^  . 

»••••• 

2*94 

3-00 

'75 

2*12 

2-49 

270 

280 

*63 

2*80 

2*68 

2*70 

2*83 

298 

302 

'54 

2o6 

2-40 

2-62 

273 

2*76 

277 

2*70 

272 

287 

300 

3*o6 

1-67 

2-00 

2*40 

2-6o 

272 

2*86 

285 

283 

292 

303 

314 

•— .- 

'93 

2*24 

2-57 

278 

2*92 

305 

314 

320 

325 

3-30 

2-42 

2*54 

i-6o 

r83 

2-10 

2*40 

2*52 

2-6 1 

2*70 

2*80 

2*12 

218 

2-27 

237 

i-8o 

2-IO 

2-35 

2-60 

287 

3*12 

M    ^    W    • 

1*95 

I  92 

1-92 

2-02 

2*20 

2*02 

2-15 

2-50 

280 

2*45 

248 

2-47 

2-45 

238 

2-38 

2*47 

2-00 

2*20 

2-49 

232 

2"i8 

2-55 

2*62 

2-6o 

2*48 

2*42 

246 

2*52 

iSs 

2'IO 

1*93 

2*22 

2*40 

250 

2-51 

250 

2-40 

2*26 

2*27 

2-32 

'4^7 

170 

2-00 

230 

2-50 

2-53 

2*50 

2*42 

230 

2-21 

2-22 

2*26 

I -So 

1-90 

2'20 

2-43 

2-62 

2-68 

2*66 

2-55 

240 

230 

2-35 

2*42 

I -70 

1*90 

2*21 

2*51 

265 

2*68 

2'6l 

2-52 

2-45 

2-35 

2*35 

2*47 

1-85 

2*  10 

2*42 

2*62 

2-72 

2*75 

273 

263 

2-50 

2*50 

2.58 

2-61 

^-^5 

2*53 

283 

302 

3-13 

305 

2*93 

302 

305 

3*20 

325 

3-25 

«-03 

2*21 

2*40 

2-55 

2*70 

2-8o 

2-68 

250 

2*46 

2-56 

263 

2-70 

2-o« 

230 

2*55 

282 

298 

302 

3*oo 

2-93 

2*90 

2*92 

2'93 

2-94 

'-72 

2'00 

2-25 

2*42 

2-53 

258 

2*58 

2*55 

2*55 

2-66 

275 

285 

'  »5 

213 

2-40 

256 

2-68 

2-70 

278 

2*70 

2*70 

2-8o 

2*87 

2*90 

«-9o 

2-20 

2-40 

258 

2-68 

2*75 

2*80 

2*84 

2-96 

310 

320 

•••.. 

■ -^o 

2-24 

2-53 

270 

280 

2*93 

3-02 

3*«o 

318 

•>«« 

2-31 

2-47 

^-35 

267 

300 

3'2o 

332 

340 

3-48 

•  «<_• 

260 

2*6o 

270 

2-80 

^-«3 

2-60 

2*95 

320 

3-40 

•  a.-- 

2*48 

2*47 

2-42 

2-43 

.  2-54 

2-62 

^'»o 

2*37 

282 

•••A  • 

2-8i 

285 

2-82 

275 

2-65 

2-65 

2-72 

2*78 

**05 

248 

256 

2-8o 

2*93 

292 

2*81 

272 

2-66 

263 

272 

2'8l 

»-^ 

2' 10 

2-66 

2*90 

2*93 

3*oo 

2*87 

2-65 

2*48 

2*48 

2*57 

2-70 

»«3 

2-35 

2-88 

325 

3*35 

3*35 

3-15 

3*00 

2*88 

290 

303 

310 

a-i8 

275 

330 

352 

360 

3-53 

340 

323 

316 

3*20 

330 

338 

^-10 

2-65 

305 

3-30 

3-38 

3*35 

3'24 

320 

315 

325 

337 

340 

!l^^i 

2-85 

3*30 

3*50 

361 

360 

3-55 

348 

3-48 

350 

3-55 

3-55 

a-a8 

2-66 

2*93 

318 

330 

330 

330 

329 

340 

3-5' 

356 

3-60 

2-40 

277 

313 

3*35 

346 

•3-48 

348 

348 

3-47 

347 

•3'54 

3-54 

i-8o 

2-10 

2-35 

252 

2*62 

2*70 

2*75 

280 

2-90 

306 

317 

3-33 

2-02 

230 

2*51 

270 

282 

2*93 

300 

312 

3*21 

333 



2-50 

^379 

74-66 

8486 

88-97 

92*96 

93-61 

9241 

8968 

90-86 

8880 

92-09 

9048 

»-93 

2*26 

2*57 

278 

2*90 

293 

2*89 

280 

284 

277 

279 

274 

236 


U.   8.   COAST  AND   GEODETIC   SUEVET. 


TABL£ 


ED 


rObaenred  heif^ts 


Date. 

0 

i 

I 

I* 

II 

n* 

III 

III* 

IV 

A 

IVi 

1891. 

A 

A 

A 

fi'. 

A 

A 

A 

A 

A 

Aug.  24 
25 

325 
332 

310 
317 

285 
2-85 

2*64 

2-36 

^  ^  ^  ^ 

2-IO 

V88 

1-60 

130 

'i'o8 

0*9 

26 

3-38 

^  _  _  _ 

2*35 

220 

2-15 

1-82 

I -60 

I  36 

115 

0-9 

27 

2-66 

256 

2-43 

2-31 

2- 20 

203 

1-82 

158 

I  32 

II 

28 

2h$ 

278 

270 

256 

2*45 

2-33 

212 

1-90 

172 

IS 

29 

263 

-    263 

2*54 

242 

228 

2'IO 

I  92 

175 

1-52 

1-3 

30 

238 

2-50 

2-51 

240 

2-37 

230 

208 

1/95 

178 

1-5 

3^ 

2-67 

262 

252 

2-49 

2-43 

2-38 

2-25 

214 

200 

17 

Sept.    I 

280 

280 

267 

2-62 

2*45 

2-30 

2-i8 

200 

I -80 

1-6 

2 

2-6i 

265 

265 

2-50 

2*42 

2*35 

220 

2-00 

180 

1-6 

3 

2*6o 

262 

260 

240 

2-26 

2*20 

2-05 

1-95 

»75 

1-6 

4 

273 

271 

262 

2-47 

232 

2*21 

2*09 

1-90 
1*80 

170 

1-5 

5 

275 

275 

256 

236 

2*20 

2*  10 

1-92 

172 

1-6 

6 

306 

305 

2-92 

270 

2-56 

250 

230 

2'IO 

u-8o 
)r87 

h 

7 

342 

340 

3'35 

3-15 

2-85 

263 

2-36 

2*10 

1-97 

1-8 

8 

285 

275 

265 

2*50 

2*41 

2-10 

1*93 

i-8o 

178 

17 

9 

313 

3-05 

2*90 

280 

» — — - 

2*22 

2*10 

187 

I -So 

17 

10 

300 

2-90 

276 

232 

223 

2*10 

1-92 

174 

1-55 

1-4 

II 

3-05 

2-37 

238 

2-28 

2- 18 

2-05 

1-83 

1-62 

141 

1*2 

12 

238 

2-34 

230 

225 

217 

2-OI 

185 

1-68 

1-50 

1-3 

13 

270 

2-68 

257 

248 

2-35 

2'l6 

190 

170 

1*53 

1-3 

14 

3*05 

300 

283 

2-67 

2-48 

2-31 

2'IO 

I  "96 

185 

17 

15 

^•86 

278 

2-62 

2*41 

2'27 

2-00 

180 

I -60 

141 

I' 2 

16 

2-92 

281 

2'52 

2-i8 

2*05 

r8o 

I  65 

140 

1*20 

i-c 

17 

3'oS 

287 

260 

2-35 

2*12 

i-8o 

1*40 

1*12 

0-90 

oJ 

18 

320 

281 

2-57 

228 

2'00 

170 

1*30 

0-90 

o*6i 

0-5 

19 

3-35 

304 

280 

252 

2-17 

i-8o 

130 

I'OI 

075 

b-e 

20 

3-68 

3*37 

3-07 

274 

2-37 

2'00 

1-53 

I-IO 

0*76 

OJ 

21 

3-66 

340 

311 

283 

2-47 

208 

1-66 

1-35 

I -05 

0-5 

22 

3-83 

360 

3-35 

315 

275 

•— i-- 

196 

170 

1-51 

i-^ 

23 

3-90 

J70 

348 

..-. 

2-40 

2*20 

1*90 

175 

1*55 

I- A 

24 

3-85 

3-66 

318 

302 

2-88 

2-68 

2-45 

2*17 

vgQ 

1-3 

25 

2-65 

2-55 

2*43 

2-33 

2-l8 

1*97 

174 

1*51 

130 

I'l 

26 

2-88 

283 

275 

2*67 

256 

2'40 

2*l8 

1-91 

173 

1-5 

Sums. 

103- 1 3 

9585 

9299 

8336 

75-08 

6851 

62*99 

5572 

5V07 

44f 

Means. 

303 

2*90 

273 

252 

2.34 

2-14 

1*91 

1*69 

1-50 

n 

i  . 


I  ■ 
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Gauge  No, 

4. 

' 

LIGHT-HOUSE. 

half  liooT  reduced  to  sUff.] 

VI 

VII 

VII 

* 

viH 

VIII 

Villi 

IX 

IX| 

X 

XI 

XI 

XII 

fi- 

A 

A 

^'  0 

/'•. 

A 

/'•  0 

^'•0 

A 

A 

A 

A 

•  --- 

258 

2-67 

277 

278 

285 

2*92 

309 

330 

3*33 

»S3 

1*90 

2*20 

2*42 

2-6o 

270 

2*68 

270 

2*84 

3"  10 

334 

336 

l'42 

187 

2*22 

3-38 

2-53 

2*62 

272 

278 

2*90 

3'00 

3*22 

341 

^v 

i-8i 

2- 18 

2*42 

2-52 

270 

278 

284 

305 

3.20 

3-45 

.  • — . 

1& 

2-08 

2-40 

256 

274 

2-86 

300 

3-IO 

3-30 

3*47 

2*55 

2-78 

1-42 

1-67 

1-94 

218 

2-35 

2-43 

2-58 

280 

2*  10 

2-20 

238 

2-51 

'•51 

178 

2-13 

2*40 

2-67 

2-92 

•  •  — • 

I  80 

1*90 

2-o8 

2*17 

235 

172 

1-92 

2-33 

2*6o 

__— » 

2*14 

2-22 

230 

2-40 

2*40 

2-42 

2*56 

'73 

2*00 

2-30 

2*05 

2*  20 

2*30 

2*36 

2*45 

2-42 

2*42 

2*57 

2*68 

I  60 

1*90 

1*70 

2*00 

2*15 

2-27 

2-35 

2*37 

2*40 

232 

2*35 

250 

l»25 

1-50 

i-8o 

2*10 

2'20 

2*31 

238 

232 

230 

2-25 

2*38 

2*45 

'•3€ 

170 

2-00 

2*25 

2-37 

2-48 

2*46 

2*42 

2*41 

2-40 

2*47 

2*62 

'•43 

170 

2*02 

2-30 

2*40 

248 

2*48 

2*45 

2*46 

2*44 

2*50 

272 

'•55 

1-92 

2'20 

242 

2-48 

2-53 

•     2-58 

2*60 

2*61 

2-67 

279 

2*88 

f03 

232 

2*62 

^76 

2*90 

3-05 

3"i8 

312 

315 

3-3« 

350 

350 

»"^o 

203 

2*12 

2*30 

2*51 

270 

2*66 

2*55 

2*50 

273 

2-85 

2*90 

«-Qo 

2*12 

2*42 

2*61 

2-8o 

2*92 

300 

300 

3-02 

308 

313 

320 

'-57 

1-90 

2' 10 

2*28 

2*41 

250 

2-55 

2*58 

2*68 

2-82 

2*95 

307 

'-70 

2*0O 

2*25 

2-42 

2*54 

2'60 

2-68 

275 

2-8o 

2*97 

3-IO 

3-H 

«-So 

2-07 

2*26 

2*42 

2*54 

2*65 

.    278 

2-98 

313 

3*35 

3-48 

»-«5 

2-09 

2*30 

2-50 

2-65 

280 

2*98 

317 

3*35 

••_• 

2*47 

2-63 

r*5 

2*46 

2*8o 

298 

310 

321 

3-38 

««.. 

2-6o 

270 

2-88 

3*03 

»-^ 

2-33 

2*6^ 

2*92 

3'i2 

V   ^    iM    * 

231 

2*41 

2-49 

2'6o 

278 

2*90 

«-74 

223 

2*61 

•  •>••• 

2-55 

2*65 

2-68 

2*70 

275 

283 

2*95 

298 

«-e6 

2*22 

2*34 

2*45 

262 

270 

275 

2-68 

275 

2*85 

304 

3-14 

*--t5 

1*93 

2*30 

2-55 

*   2*68 

2-78 

276 

275 

2-6o 

2*66 

2*90 

3*12 

*-5i 

2*12 

2-56 

2-85 

302 

307 

303 

300 

302 

322 

346 

3*45 

^-CDO 

2-40 

2*8o 

304 

326 

332 

3-30 

328 

3-38 

356 

378 

380 

*-^5 

2*35 

2*63 

2-92 

303 

320 

3*20 

3-24 

3*38 

360 

382 

383 

^•i8 

2*55 

2*90 

313 

3-32 

3*45 

3*55 

350 

370 

i    3*90 

4-06 

398 

2^-^ 

2*40 

2*68 

2-90 

310 

3-20 

330 

3-35 

3'6o 

387 

4*01 

4*oo 

^-30 

258 

2*90 

310 

3*26 

335 

343 

348 

360 

370 

390 

390 

m-70 

1-95 

218 

2*36 

2-50 

2*60 

2*70 

2*82 

3'Oi 

325 

348 

3-57 

x-«6 

2-12 

2*35 

2-52 

2-70 

2'80 

2*92 

3*12 

332 

356 

1 



2*75 

5^-82 

67-92 

7717 

8367 

88*49 

9106 

9251 

92*26 

9684 

9760 

100-37 

9904 

1*72 

206 

2-33 

2*53 

2-68 

276 

2-8o 

2*8o 

285 

2*96 

304 

3'^ 

£.00 
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Table  6. 


EDGARTOWN  LIGHT-HOUSE. 
[Observed  times  of  high  and  low  water  and  turning  of  current  referred  to  moon's  tranSir- J 


Da'teof 

observa^ 

tion. 


1891. 
Aug.  24 

25 
26 

27 

28 

29 
29 
30 

31 

Sept.    I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II 


Time  interval  after  moon's  transit 


High 
water. 


A.    fn. 

1  29 

2  06 


2   20 
2   51 


3 
2 

2 

3 

2 

2 

2 
2 


27 

35 
46 

00 

47 
36 
26 
46 

37 
55 
56 
54 
47 


Low 
water. 


hm    fn. 


4 
5 
5 
5 
5 

«>  ■ 

5 
5 

5 
5 


5 
5 
5 
5 
5 
5 
5 


59 
06 

13 
23 
23 

15 

55 
53 
23 


26 
16 

07 

25 
II 

24 
02 


Current 
turns 
from 

west  to 
east. 


2 
2 
2 
2 

3 

4 

4 
4 
4 
3 
3 
3 
3 

3 

2 

3 
3 
3 


m, 

29 
36 

43 
33 
53 

00 
10 

23 

08 

56 
46 

36 
27 
37 
55 
41 

24 
02 


Current 
turns 
from 

east  to 
west. 


9 
9 


h,  tn, 

9  50 

9  29 

9  36 

9  58 

10  18 

10  21 

9  53 

10  27 

«o  35 

10  46 

11  00 
10  47 
10  36 
10  26 
10  16 

22 

55 

10  II 

9  44 

10  02 


Date  of 
observa- 
tion. 


1891. 
Sept.  12 

13 

14 

15 
16 

17 
18 

19 
20 

21 

22 

23 
24 

25' 
26 


No.ofobs. 
Sums. 


Time  interval  after  moon's  tr^^^ 


Hfgh 
water. 


A.    fn. 

2  34 

2  37 
2  12 

2  12 

43 

45 

47 

30 

37 

44 

361 

50 

54 


12   31 


Low 
water. 


h.    m. 


4 
5 
4 
4 
4 
4 
4 


52 
08 

42 

42 

44 

44 
20 


4 
4 
4 
4 
4 
5 


44 
51 
55 
54 
59 
05 


32 
389  40 


Means. 


12  II 


29 
148  01 


Current 
turns 
from 

west  to 
east 


5    06 


k.     fH. 


3 
3 
3 
3 
3 

3 

2 

3 

3 

2 

3 

2 

3 

2 

3 


QftfTeSt 
tufOB 

from 


37 
oS 

37 
37 
39 
14 
50 
28 
06 

43 
01 

50 
24 
59 
05 


k.  f»- 
10  07 
10   08 

10  07 
10  07 
10  08 

10   42; 

10  17 
9  S5 
9  32I 
9  3^ 
9  i< 
9  ^ 
9  5A1 
9  29S 
fo    OS 


33 
no    37 


3     21 


35    1 
352    18; 


10    04 
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Table  7. 
swimming-place,  edgartown  harbor. 

[Obserred  times  of  high  and  low  water  and  turnind^s  of  current  referred  to  moon*s  transit] 


Time  interval  after  moon's  transit. 

1 

Date  of 
observa- 
tion. 

Time  interval  after  moon's  transit. 

^teof 

<*serva. 

tion. 

HiRh 

water. 

Low 
water. 

Current 
turns 
from  •' 

south  to 
north. 

Current  i 
turns    i 
from 

north  to 
south. 

High 
water. 

Low 
water. 

Current 
turns 
from 

south  to 
north. 

Current 
turns 
from 

north  to 
south. 

1891. 
Aug.  25 
26 
27 

2$ 

29 

30 

,       31 

Sept.    I 

2 

3 
4 

5 
6 

7 

8 

9 
10 

II 

12 

A.     m. 
12     04 
12     14 
12     50 

12  29 

13  0^ 
13.   27 

13     05 
!2      46 

13      00 

12  57 

13  02 

12  56 

13  16 
12      07 
12      10 
12      II 
T2      09 
12      02 

12     34 
12     37 
12     37 
12     37 
12      08 
12       12 
12      47 

n.       fft. 

5    <H 
5     14 

4  54 

5  32 
5    23 

5    45 
5    40 
5    23 
5    23 
5    26 

5    26 
5     16 
5    37 

4  55 

5  II 
5    24 
5    02 
5    07 
5    08 
5    07 
5    07 
5    09 
4    44 
4    50 

4  30 

5  10 

4    53 
4    08 

4    26 

3  46 

4  06 
3    27 
\    07 

3  25 

4  11 

3  24 

4  02 

4     07 
4     08 
4    07 
4    07 
4    09 

3     44 
3     20 

h.     PI. 

10  27 
12      05 
12      16 
12      30 
12      17 

11  36 

12  26 

12  46 

13  07 

12      II 
II       24 
II      32 

II     37 

II    07 
II     07 

10    3* 
10    42 
10    17 

18^1. 

19 
20 

21 

22 

23 
24 
25 

^6 
Oct.      2 

3 
4 

5 
6 

*7 
.  8 

9 
10 

♦12 
14 

h.     tn. 
12     10 

12  02 

II     39 
II     46 

II     50 

11  54 

13  01 

12  41 

13  02 

12     13 

12     13 
II     48 

h.     fn. 

5    02 

4    39 
4    46 
4     50 
4     54 

4  59 

5  05 
5    52 

5"i3 
5     18 

h.     m. 

3  28 

4  06 

3    39 
3    46 
3    50 
3     39 
3     29 

ht     Pt. 

9    55 

10  32 

11  08 

9    46 
10    20 
10    24 

^   «■  ^  «a  a«  a 

13 
14 

'5 

16 

'7  1 

1 

1  No.ofobs. 
Sums. 

37 
461    42 

34 
176    25 

27 
107     14 

24 
272         10 

Means. 

12    29 

5    II 

3    58 

II         20 

•Gale. 

1 
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Table  8. 

WEST  OPENING,  KATAMA  BAY. 


[Observed  times  of  high  and  low  water  and  turnings  of  current  referred  to  moon's  ti 


Date  of 

observa> 

tion. 

Time  interval  after  moon's  transit. 

Date  of 

observa>- 

tion. 

Time  interval  after  moo 

High 
water. 

Low 
water. 

Current 
turns 
from 

north  to 
south. 

Current 
turns 
from 

south  to 
north. 

High 
water. 

Low 
water. 

Carre 
turn 
frot 

north 
sout 

189I. 
■Aug.  26 

28 
29 
30 

31 

Sept.    I 

2 

3 
4 

5 
6 

7 
8 

9 
10 

II 

12 

13 

h,     fn, 
8    06 

8     13 

8    48 

8    38 

« 

8    01 
7    56 

7  46 

8  24 
8     II 
8    09 
8    02 
8    07 

8    35 

h,     m. 
3     06 

2  58 

3  «8 

2  55 

3  30 
2     10 

2     38 
2     38 
2    23 
2     II 
2     36 
2    42 

2  32 

3  17 

3    22 

3    38 

h,     m. 

8  36 

9  16 

8  48 

9  53 
9    57 

10    14 
10    01 

9    56 
10     16 

9    25 
9    41 
9     54 
9    32 
9    37 
9    38 

3    36 
3    46 

3  48 

4  23 

4" '08 

3    53 

3  53 

4  11 
3    36 
3     16 

3    55 

3    41 
.   3    54 
3    32 
3    37 
3    38 

*    1891. 
Sept.  14 

15 
16 

»7 

18 

19 
20 

21 

22 

23 

24 

25 

26 

29 

h.     m. 
8     04 
8     10 

ris 

8    43 
7    50 

7  42 

8  03 
8     to 

7  50 

8  09 

8    29 

3    04 

3    04 

2    35 
2    40 

2    46 

2  53 

3  01 

2  52 

3  24 
3    29 
3    35 
2    39 

h. 
10 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 
xo 

No.ofobs. 
Sums. 

25 
203    58 

28 
81     56 

2: 

261 

Means. 

8    09 

2    55 

9 
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Table  9. 

south  shore. 

(Observed  times  of  high  ftnd  low  water  referred  to  the  mooa*s  transit] 


Time  interrftl  after 

Time  interval  after 

Otteof 
tioo. 

moon's  transit. 

Remarics. 

Date  of 

observa- 

tion. 

moon's  transit. 

Remarks. 

High 

Low 

High 

Low 

water. 

water. 

wat  er. 

water. 

1891. 

Am        WJ. 

•  A.  tn. 

1891. 

^m        Wp« 

^.    M. 

Ang.    II 

I     04 

Sept.     18 

7    20 

I     29 

12 

r'24 

0     21 

18 

7     10 

I     15 

12 

7     21 

2    49 

19 

6    58 

I     28 

13 

7     19 

0    55 

20 

7    04 

0     56 

13 

7    55 

1    41 

20 

7    06 

I     26 

14 

7    41 

I    25 

21 

7    14 

0     51 

• 

14 

7    45 

2    18 

21 

7    06 

I     03 

0 

16 

8    01 

I    SI 

22 

6    58 

0     56 

17 

7     51 

22 

6    53 

I     00 

19 

7     19 

I    09 

23 

7     15 

0    ^o 

20 

7    20 

I    50 

23 

7     12 

I     32 

20 

7    22 

0    52 

24 

7     14 

I    04 

■ 

21 

7     15 

I    25 

24 

I     56 

21 

0    38 

25 

7     16 

I    09 

28 

V'fi 

I    41 

^ 

7    29 

I    41 

29 

6    50 

0    33 

26 

7    23 

I     IS 

29 

8     13 

2    17 

26 

7    45 

I     33 

30 

8    07 

0    20 

27 

7    48 

2    03 

30 

8     10 

...... 

27 

8     13 

2    08 

3' 

8    25 

28 

7    50 

I    55 

3' 

8    40 

I    40 

28 

8    20 

2    01 

«.       I 

7    46 

2     16 

29 

8     16 

I    44 

I 

8    03 

I    53 

29 

8     19 

I    50 

3 

8     10 

2    20 

30 

8     16 

I    37 

2 

7    58 

I    38 

30 

8    07 

3 

7    47 

I    57 

Oct.        I 

8     12 

I     47 

•       3 

I    06 

I 

7    57 

I     27 

4 

7""56 

I    46 

2 

8    01 

I    5» 

4 

7    36 

I     16 

2 

7    47 

I    27 

5 

7    46 

I    36 

3 

7    47 

I     17 

5 

7    26 

0    56 

3 

7    37 

1    27 

6 

7    26 

0    46 

4 

7    45 

I    07 

6 

7    47 

0    47 

4 

7    42 

I     17 

7 

5 

7    28 

0    46 

8 

r'15 

i'"o6 

5 

7     10 

I    07 

8 

6    43 

6 

7    28 

I    03 

9 

7    31 

I    01 

6 

7     15 

0    45 

9 

7     17 

I    37 

7 

7    35 

0    37 

10 

7    24 

0    24 

7 

7    32 

0    47 

10 

I    28 

8 

7     12 

0    12 

II 

7"o8 

0    32 

8 

7     18 

0    42 

II 

7    22 

2    24 

« 

9 

7    28 

0    13 

12 

7    54 

0    37 

. 

9 

7     14 

I    21 

12 

7    27 

I    47 

10 

7    20 

• — •—  - 

13 

7     17 

I     58 

10 

"■""  —  * 

13, 

7    38 

I     47 

13 

7    33 

I     20 

14 

6    37 

0    27 

13 

7     17 

I    38 

14 
15 

7    37 
7     17 

2    07 
I     27 

14 

7    28 

15 

7    27 

I     28 

No.  of  obs. 

95 

92 

16 

7    28 

I     19 

Sums. 

718    45 

124    49 

16 

7    39 

17 

7    20 

I  "47 

Means. 

7    34 

I    22 

17 

7    29 

I     34 

9.  Ex,  37 Xa 


APPENDIX  NO.  6—1892. 


DN  THE  CHANGES  IN  THE  OCEAN  SHORE  LINES  OF  NANTUCKET  ISLAND, 
MASSACHUSETTS,  FROM  A  COMPARISON  OF  SURVEYS  MADE  IN  THE 
TEAKS  1846  TO  1887  AND  IN  1891. 


A  report  bj  Henry  L.  Marindik,  Assistant. 
Sabinitted  for  pablicatiou  April  7, 1893. 


In  comparing  the  surveys  of  the  ocean  shore  lines  of  Nantucket 
Island,  we  have  been  obliged  to  limit  the  inquiry  to  an  examination  of 
the  shore  line  as  defined  by  the  crest  of  the  high-water  line,  without 
considering  any  shift  of  the  submerged  portion  of  the  coast  because  of 
the  insufficiency  of  the  data  afforded  by  the  earlier  hydrographic  sur- 
veys. 

Although  the  recent  surveys  of  1890-'91  contain  numerous  cross 
sections  with  soundings,  they  did  not  fall  on  a  sufficient  number  of 
depths  on  the  older  surveys  to  permit  of  reliable  results  by  comparison. 
This  comparison  is  based  on  measures  taken  irom  a  point  of  origin, 
<leteriDlned  on  each  cross  section  by  actual  measurement  in  the  field. 
The  geographical  position  of  this  point  of  origin  was  afterward  obtained 
^y  platting  on  the  chart  and  measuring  by  scale  to  the  nearest  meridian 
*»d  paraUel  of  latitude. 

The  island  of  Nantucket  is  fast  becoming  of  great  importance  as  a 
^^mmer  resort,  a  statement  fully  warranted  by  the  increasing  number 
^^  hotels  and  cottages  built  there  each  year.  The  examination  of  the 
stability  of  its  shores  thus  becomes  of  prime  importance  to  this  sum- 

^^r  population  as  well  as  to  the  inhabitants  engaged  in  its  shore  fish- 
eries. 

The  absence  of  the  knowledge  which  is  brought  out  by  just  such  a 
^inparison  as  this,  permitted  the  lociition,  some  years  since,  of  a  line 
^^  railroad  and  many  valuable  buildings  upon  a  part  of  the  shore  where 
^^  changes  are  so  great  that  in  a  few  years  more  the  ground  on  which 
^^^y  stand  will  have  been  washed  into  the  sea  and  the  capital  involved 
lost  beyond  recovery, 
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The  data  upon  which  this  comparison  is  based  will  be  foand  in  tabn- 
lar  form  in  Table  iNTo.  1;  part  of  this  data  can  again  be  utilized  in 
future  comparisons. 

An  inspection  of  the  accompanying  illustration  (No.  24)  reveals  the 
fact  that  the  ocean  shore  of  the  island  of  l^antucket  is  divided  into  two 
great  exposures  to  wind  and  sea.  The  part  from  Great  Point  to  Sias- 
consett  having  an  eastern  exposure,  tempered  by  ofif-lying  shoals,  and 
the  part  from  Siasconsett  to  Smiths  Point,  at^the  western  end  of  the 
island,  having  a  southerly  exposure  without  mitigating  conditions  from 
off-shore  shallows.  The  abrading  force  of  the  waves  should  therefore 
differ  sensibly  on  these  two  portions  of  the  shore,  and  we  find  this  to 
be  the  case,  as  will  be  shown  further  on. 

Before  presenting  the  general  results  of  the  comparison  as  to  these 
two  divisions  of  exposure  it  will  be  interesting  to  note  a  few  local 
changes  since  1846. 

THE  STABILITY  OF  GREAT  POINT. 
(See  illustration  No.  24.) 

The  comparison  discloses  a  remarkable  stability  of  this  exposed  sandy 
X>oint.  The  end  of  Great  Point  is  sharp  and  well  defined.  The  oscil- 
lation of  the  point  as  indicated  by  its  position  in  1846,  and  again  in 
1887-'90,  is  contained  within  the  circumference  of  a  circle  with  a  radius 
of  15  metres.  The  position  in  1846  and  1887  falls  within  a  circle  with  a 
radius  of  only  5  metres. 

It  may  be  noted  that  during  the  period  since  1846  these  shores  have 
been  visited  by  very  severe  gales,  notably  that  of  1851,  known  as  the 
Minots  Ledge  gale.  We  have  no  survey  showing  the  position  of  this 
point  immediately  preceding  and  following  that  gale,  but  whatever 
may  have  been  the  damage  in  1851  it  had  regained  its  position  in  1887 
and  maintains  it  to  this  day. 

CHANGES  AT  THE  HAULOVER. 
(See  iUastration  No.  25.) 

The  name  of  Haulover  is  given  to  that  part  of  the  beach  which  sepa- 
rates the  head  of  Nantucket  inner  harbor  from  the  ocean.  Some  im- 
portance attaches  to  this  locality  from  the  fact  that  attempts  have 
been  made  to  induce  the  General  Government  to  appropriate  the  means 
for  cutting  a  passage  through  the  beach. 

An  attempt  of  this  kind  was  made  in  1871  thra.ugh  a  petition  signed 
by  the  citizens  of  Nantucket.  According  to  the  petitioners,  the  object 
to  be  gained  was  twofold;  first,  that  of  creating  an  harbor  of  refuge  in 
the  bay  called  the  head  of  the  harbor,  and,  secondly,  to  increase  the  tidal 
scour  over  the  bar  at  the  entrance  to  Nantucket  inner  harbor. 

The  Coast  Survey  was  asked  at  that  time  to  make  a  resurvey  of  the 
locality,  and  the  work  was  intrusted  to  Assistant  Henry  Mitchell. 
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On  the  changes  in  the  ocean  shore  lines  of  N'antticket  Island. 

[r.  Mitchell  reported  favorably  on  the  project,  bat  nothing  came  of  it 
.  few  years  later,  in  1874,  the  United  States  Engineers  again  made 
irveys  of  the  harbor  and  the  Hanlover,  but  their  report,  published  in 
le  report  to  the  Chief  of  Engineers  for  1876,  Part  ii,  p,  375,  was  not 
lYorable  to  the  project. 

In  1874  the  width  of  the  Haulover  beach  was  about  450  feet  between 
»w-water  mark  inside  and  the  same  datum  outside. 
In  1890  the  narrowest  width,  on  cross  section  No.  53,  was  found  to  be 
H)  feet  between  low-water  marks.  This  shows  a  loss  of  width  of  160 
et  in  sixteen  years,  or  at  the  rate  of  10  feet  per  year.  This  is,  how- 
ler, only  a  close  approximation,  because  based  on  the  assumption 
>at  the  measurement  taken  in  1890  was  made  at  the  same  place,  or 
^]y  so,  as  that  of  1874. 

If  we  compare  the  width  in  1846  we  find  459  feet  as  against  170  feet* 
1890,  or  a  yearly  erosion  of  6^  feet.  This  is  the  more  reliable  state- 
^nt,  and  if  taken  in  connection  with  the  preceding  testimony  we  can 
ly  infer  that  the  retreat  of  the  shore  may  have  been  much  greater 
tween  1874  and  1890  than  duriug  the  preceding  x>eriod  to  1846. 
The  erosion  has  obtained  almost  entirely  on  the  ocean  side,  so  that 
lere  the  shore  line  was  in  1846  we  have  in  1890  a  depth  of  water  of 
feet.  The  shore  line  inside  the  beach  has  remained  almost  station- 
F.  Usually  where  a  beach  is  found  with  a  low  cross  section  and  a 
dy  of  water  back  of  it,  the  storm  waves,  in  making  a  breach  over 
3  beach|  carry  over  a  large  volume  of  sand,  which  is  deposited  on  the 
ler  slope  and  maintains  the  width  of  the  beach  while  beating:  it  back, 
is  does  not  seem  to  have  been  the  case  at  the  Haulover,  although 
ire  are  evidences  of  the  wash  of  the  waves  through  sloughs  t  into  the 
rbor.  As  far  as  known  there  has  never  been  an  opening  through  the 
bulover,  and  from  a  study  of  the  conditions  which  exist  here  it  is  very 
ibtful  if  any  opening  could  be  maintained  for  any  length  of  time, 
rhe  situation  of  the  Haulover  has  been  compared  to  that  of  Katama 
ich,  Marthas  Vineyard,  but  the  conditions  differ  in  these  two  cases, 
the  south  shore  of  the  Vineyard  the  seas  are  much  more  boisterous 
kU  at  the  Haulover,  and  these  have  repeatedly  forced  a  passage 
ough  Katama  beach,  a  wider  and  stronger  barrier  than  the  Haul- 
T.  There  is  also  a  greater  difference  of  level  of  the  water  surfaces 
B^atama,  giving  a  greater  scouring  force  to  the  current  than  can  be 
ained  at  the  Haulover. 

L  close  approximation  to  the  time  when  the  natural  forces  shall  have 
m  away  the  Haulover  beach  or  forced  a  passage  through  into  the 


These  widths  are  measured  between  high-water  marks,  inside  and  oatside,  as 

isurements  between  low-water  marks  could  not  be  obtained  from  the  survey  of 

S. 

rhe  height  of  crest  line  within  the  slooghs  is  about  9i  feet  above  sea  level;  other 

ts  of  the  beach  range  from  11  to  13  feet  in  height. 
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upper  harbor  may  be  made  from  the  data  quoted  above.  With  €:: 
coDditions  remainiDg  the  same,  it  will  take  less  than  twenty-two  ye^ 
for  the  Haulover  beach  to  be  a  thing  of  the  past. 

ADVANCE  OP  THE  BEACH  AT  SIASCONSETT. 

(See  iUostration  No.  28.) 

There  has  been  a  marked  advance  of  the  beach  since  1846.    Tt 
advance  of  the  shore  line  begins  at  a  point  428  metres  north  of  Sa. 
katy  Head  lighthouse,  and   extends  for  a  distance  of  3  miles  to 
-point  about  one-half  mile  south  and  west  of  the  village  of  Siasconsel 

The  greatest  advance  (255  metres)  occurred  just  west  of  the  sout 
ern  end  of  the  village. 

Directly  opposite  the  center  of  the  village,  where  the  beach  is  use 
for  bathing,  the  advance  has  been  slightly  less  than  100  metres.  Th 
favorable  condition  has  protected  the  foot  of  the  bluffs  in  the  vicinil 
from  the  wash  of  the  seas  so  that  they  have  suffered  but  slight  erosic 
in  years  past. 

The  summer  visitors  to  this  quaint  village  continue  to  increai 
yearly,  and  the  number  of  cottages  built  yearly  is  also  on  the  increas 
The  fishing  interest  is  represented  by  dory  fishing  for  bluefish  av 
mackerel  in  season. 

POINT  OF  GREATEST  WEAR  OF  THE  SOUTH  SHORE. 

(See  illustration  No.  26.) 

The  greatest  erosion  of  shore  and  bluff  line  since  1846  is  found  { 
Surfside,  near  Weeweeder.  The  cut  into  the  bluffs  extends  froi 
Forked  Ponds  to  Weeweeder,  a  distance  of  3  J  miles.  The  height  of  tl: 
bluffs,  within  this  distance,  averages  22.4  feet  above  mean  sea  leve 
while  the  width  of  belt  eroded  varies  from  zero  at  Forked  Ponds  to  19 
metres  opposite  Surfside  Hotel.  The  mean  width  of  the  eroded  belt : 
389  feet,  which  gives  an  area  of  land  of  165  acres  worn  away  in  forti 
four  years.  The  survey  of  1846  shows  the  bluff  line  in  the  same  relatio 
to  the  high- water  line  as  in  1890.  We  may  therefore  conclude  tba 
the  volume  lost  at  Surfside  is  about  6,000,000  cubic  yards.  Part  of  thi 
material  has  gone  westward  and  lodged  on  shore  at  Miacomet  Bip. 

CHANGE  IN  THE  SHORE  LINE  AT  MIACOMET  RIP. 

(See  illustration  No.  26.) 

A  sharp  advance  of  the  shore  line  is  here  noted.  The  configuratio 
is  changed  from  a  concave  shore  in  1846  to  a  convex  curve  in  1890.  I 
consequence  of  this  change  the  landing  place  for  the  fishing  fleet  hs 
been  shifted  eastward  to  Surfside. 

The  currents  over  the  rip  have  not  undergone  any  change  as  far  £ 
known.    This  is  a  noted  fishing  ground  for  bluefish  and  mackereL 
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Ike  duinges  in  ike  ocean  shore  lines  o/Kantu^ket  Island. 

CHANGES  AT  SMITHS  POINT. 
(See  illustration  No.  27.) 

it  western  end  of  the  island  of  Nantucket  has  been  called 
Int.  This  point  is  most  erratic  in  position.  In  1846  it  was 
;  the  end  of  a  long  and  narrow  sandy  beach,  almost  directly 
3  island  of  Tnckemuck. 

rs  later,  in  1856,  the  point  was  about  1  mile  to  the  eastward, 
(7  the  point  to  which  the  name  of  Smiths  was  applied  was 
he  southwest  of  Tnckemuck  Island  3^  miles  east  of  its  posi- 
6. 

markable  changes  are  exhibited  in  illustration  ISo.  27 j  which 
position  in  1846-1856-1887  and  1891. 

uhe  south  shore  extended  westward  past  the  island  of  Tuck- 
ving  a  waterway  250  metres  wide  between  it  and  that  island, 
s  waterway  remained  about  the  same,  but  between  1856  and 
onus  wrought  a  great  change  in  this  locality.  The  beach 
a  part  of  Nantucket  Island  and  which  protected  the  south 
ickeniuck  Island  had  been  beaten  back  on  the  island,  filling 
ter  space  existing  in  1856.  A  new  inlet  had  also  broken 
his  beach  at  a  point  southeast  from  Tuckemuck,  which 
)pen  at  the  last  survey  in  1891. 

ey  of  1887  shows  an  extension  of  old  Smiths  Point  beach  to 
fcrd  as  far  as  Muskeget  Island  since  1846,  but  under  what  con- 
growth  took  place  has  not  been  ascertained  and  may  not  be. 
>bable  that  much  of  the  material  with  which  this  point  is 
L  came  from  the  south  shore  of  Nantucket;  the  wear  and  tear 
luck  Island  shore  and  Muskeget  Island  shores  may  have 
I  small  quota,  but  the  bulk  came  from  the  south  shore. 
'  now  consider  the  results  of  the  comparison  for  the  entire 
he  exx)Osed  shore  of  Nantucket  from  its  eastern  end  at  Great 
miths  Point. 

iparison  gives  an  average  yearly  erosion  and  consequent 
^he  shore  line  of  0*81  metres  for  the  period  1846  to  1891.  If, 
he  seaward  face  of  the  island  is  divided  into  two  great  expo- 
reviously  alluded  to,  one  from  Great  Point  to  the  elbow  at 
t  and  the  other  from  Siasconsett  to  Smiths  Point,  the  first 
an  easterly  exx>osure  tempered  by  outlying  shoals,  should 
inimum  yearly  wear  and  tear,  and  this  is  the  case.  Between 
it  and  Siasconsett  the  average  yearly  retreat  was  0*19  metres, 
sn  Siasconsett  and  Smiths  Point  the  average  retreat  was  1*42 
747  per  cent  of  the  rate  for  the  easterly  exposure. 

1846  and  1887  the  yearly  retreat  was  1-29  metres  for  the 
exposure  and  0*18  metres  for  the  easterly  exposure. 
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The  area  of  land  lost  to  the  sea  on  the  south  shore  in  the  forty-fl 
years  since  1846  is  350  acres,  or  a  yearly  average  of  nearly  9  acres. 

The  conclusion  from  the  foregoing  evidence  is  that  the  sea  is  iue 
tably  encroaching  upon  the  southern  and  eastern  shores  of  the  islan 
at  a  comparatively  rapid  rate.    What  is  the  result  along  the  norther 
shore,  bathed  by  the  waters  of  the  Sound,  is  not  in  evidence,  but  it 
reasonable  to  say  that  the  results  are  in  the  same  direction,  but  on 
smaller  scale. 

The  comparison  involved  the  examination  of  eleven  original  surveys, 
differing  in  scales,  of  which  tracings  had  to  be  made.  This  will  indi- 
cate to  a  certain  extent  the  amount  of  work  to  be  performed  before 
arriving  at  results  which  may  be  expressed  in  a  few  figures. 

The  four  diagi-ams  accompanying  the  report  were  prepared  by  Mr. 
Homer  P.  Bitter. 
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INTBODUOTOBT  BEMABKS. 

With  the  present  or  fourth  report  of  Xhe  results  of  the  magnetic 
observations  made  at  Los  Angeles,  Gal.,  between  1882-1889,  the  series 
of  redactions  is  concluded.  Part  i  *  contains  the  results  of  the  absolute 
measures,  parts  nt,  in  |,  and  iv,  those  of  the  differential  measures  of 
the  declination,  and  of  the  horizontal  and  the  vertical  components  of 
the  magnetic  force  respectively;  to  the  last  part  has  also  been  added 
the  resulting  variation  of  the  dip  and  of  the  total  magnetic  force. 

The  vertical-force  nmgnetometer. — ^In  consequence  of  the  great  sensi- 
tiveness of  the  adjustment  of  this  instrument  with  respect  to  tempera- 
ture, the  scale  of  value  of  the  balance  magnetometer  had  to  be 
frequently  redetermined,  nor  could  a  uniform  value  be  applied  for  fke 
whole  series. 

The  scale  is  exactly  similar  to  the  unifilar  and  the  bifilar  ivory  scales, 
it  being  graduated  to  half  millimetres.  As  mounted,  the  zero  division  is 
at  the  bottom  end,  the  500  or  last  division  at  the  top.  It  is  secured  to 
a  vertical  brass  arm  attached  to  the  slate  slab,  and  its  numbers  appear 
erect  and  to  increase  downwards.  Length  of  one  division  of  scale, 
0-507™°>. 

The  horizontal  magnet,  mounted  on  a  knife  edge,  is  about  16^^  oal 
of  the  magnetic  meridian,  its  north  (seeking)  end  bearing  magnetically 
N.  16j^o  £. ;  thus  the  angle  between  the  incident  and  reflected  rays  o: 
light  is  32§o.  Increasing  scale  numbers  correspond  to  a  downwarc 
motion  of  the  K.  (seeking)  end  of  the  magnet  or  to  increasing  vertica 
force. 

Angular  value  of  one  diviHon  of  the  scale. — ^We  have  the  followitti 

dimensions:  Front  edge  of  upper  end  of  scale  to  mirror,  40*89  incl 

(103-86<^™)5  curvature,  0-065  inch  (0'165«");  thickness  of  rim;  0-065  inci 

(0-166«");  two-thirds  thickness  of  mirror,  0-067  inch  (0-170«°);  henct 

r  =  104-36<'°*,  angle  of  plane  of  scale  with  plane  normal  to  center  of  minoi 

1-524 
{h = 0-6  inch),  tan  a  =  1Q4.35,  and  a  =  Oo 60'  12'' ;  hence  r  cos  a  =  104$ 

and  a  =  3437-75  ^  =  0'-8351. 

To  determine  the  corresponding  space  on  the  vertical-force  trac( 

we  have  distance  from  vertical-force  cylinder  to  face  of  mirror,  plu 

two-thirds  thickness  of  mirror,  57-135  +  0-067  inch  (or  145-293*"),  an 

00507  X  145-293 

10i:3§ =  0*^70  593?".  Now  let  fc'= the  distance  from  the  plan 

(or  rather  from  the  conical  surface)  of  the  ray  which  makes  the  lum 
nous  dot  to  the  plane  of  the  normal  of  the  mirror,  then  by  measui 

•  See  Appendix  No.  S— Report  for  1890. 
tSee  Appendix  No.  9~Report  for  1890. 
I  See  Appendix  No.  4— Report  for  189L 
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ResuUs  of  the  differential  memures  of  the  vertical  component  of  the 

magnetic  intensity  at  Los  Angeles, 

V=11'5  inch  (29'210«'°)  and  distance  r  =  104*36^'"9  the  angle  i  becomes 

-14' 
sin   ,  —  =  160  15''3,  and  finally  the  value  of  one  division  of  the  scale 

as  measured  on  the  vertical-force  cylinder  becomes  0*070  593  cos  i  = 
mi  77«»     Also  100  8<»le  divisions  equal  6-78«»". 

Mis  value  in  terms  of  the  vertical  foree. — ^Two  methods  are  available 
for  this  purpose  and  both  were  employed. 

l^ni  method;  oscillations, — ^The  change  of  vertical  force  Y  in  terms 

of  the  force  is  given  by  the  relation :  -y-  =  -jp  cot  6 .  tf).    Where — 

T|,r=the  time  of  one  pscillation  of  the  magnet  with  all  its  appendages 
ifi  a  horizontal  plane. 

T^sthe  corresponding  time  of  the  same  in  a  vertical  plane. 

^=the  dip,  very  nearly  59©  30'. 

^=the  angle,  expressed  in  radians,  through  which  the  magnet  turns 
for  a  change  of  position  of  the  luminous  spot  corresponding  to  one  scale 
division. 

Observations  were  made  September  5  and  25, 1882,  by  M.  Baker  as 
follows.    Each  set  consists  of  60  oscillations : 


A.  m.  s. 

^  5i  "  53  a*  m-  Th  =  6*2362  at  26-4  C.  \ 

2  22  p.  m.  157      297  C.  V  Whence           'Pb  =  38-8oi  at  28-6  C. 

2  50  p.  m.  167      29-8  C.  J                              also  38*664  at  23-0  C. 

The  temperature  coefficient  for  Fahrenheit  scale  being  0*000  35  or 
^•000  63  for  C  scale ;  torsion  of  suspension  and  rate  of  chronometer  were 
allowed  for. 

The  value  of  Tv  was  determined  irom  twelve  sets  of  oscillations  on 
September  25,  with  a  temperature  of  23o-0  0,  viz: 

^  '0  SS  a.  m.  Tt  =  770  weight  i 
"  16  -40  2 

II    29  .52 

*'  35  -40 

II  ^3  '53 

II  so  .39 

''S7a.m.  '44 

2  28.p.  m.  -23 

*  35  -32 

2  46  '24 

2  53  -23 

For  the  value  of  ^  we  have  for  one  centimetre  of  change  in  the  lumi- 
noas  dot 

»;,,..  OQQ T^^  =  0-003 5855, hence  4?  =  0001 491 6  and  100  scale 

2x145*293  cos  160'3  '  V 

divisions  were  previously  found  to  equal  G'Td^*",  hence  one  centimetre 
corresponds  to  14-749  scale  divisions  and  fc  =  — — — — =iii*Qft^\^\V 
which  18  the  value  of  one  acale  division  in  terms  of  ttie  Neit\»\ft«X  tet^^. 


Weighted    mean    Tv=7'399   and   1\  =  54'7452, 
hence   if  «>' ^=5^^  ^   S9«  31' =  0-416025. 
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Second  method j  deflections. — ^The  method  is  as  follows:  Firs 
deflecting  magnet  is  placed  with  its  axis  in  the  maignetic  prime  ver\ 
at  a  distance  r  to  the  north,  and  also  to  the  sonth,  of  the  middle  of 
^nifllar  magnet,  causing  in  the  nnifilar  a  deflection  of  u  degrees  (s 
divisions  times  angular  value);  next,  the  same  deflecting  magnc 
placed  in  a  perpendicular  position  and  in  the  plane  of  the  axis  of 
vertical  force  magnet, .at  the  same  distance  r  to  the  north  and  aJs* 
the  south  of  the  middle  of  the  vertical-force  magnet,  causing  it  t 
deflected  n  scale  divisions,  then  the  value  of  one  scale  division  or 

terms  of  the  vertical  force  is  found  from  the  formula:  k=s co 

n 

On  September  25, 1882,  a  set  of  deflections  was  made  at  a  dists 

r = 1  foot  11  inches,  or  68'42«",  with  the  following  result: 

At  3  17  p.  m.         V-force  magnet,  at  23-9  C,  deflected  55'82  scale  divisions. 

3  29  p.  m.  U-  magnet,  at  23*9  C,  deflected  36*68  scale  divisions. 

3  44  p.  m.  V-force  magnet,  at  237  C,  deflected  50*40  scale  divisions. 

Hence  «  =  36*68  Xo''794  =  29^**24  and  »  =  53*11 

tan  29^  07''  44 
>= ^jj^ cot  590  3o'=oooo  0940 

Recapitulation  of  results,  September  25,  1882: 

Value  of  k  by  oscillations,  0*000  loi  I 

deflections,  o*ooo  0940 


Mean,  o-ooo  0976 

It  would  take  too  much  space  and  contribute  nothing  further  to  1 

knowledge  than  what  we  can  get  from  the  results  themselves  to  \ 

sent  the  re(;ord  of  the  numerous  observations  for  value  of  scale  of 

Lloyd  balance  magnetometer.    The  following  abstract  of  the  result 

given  in  sufficient  detail  and  with  all  needful  explanation  to  show 

basis  of  the  adopted  values  for  Ic  during  the  seven  years  of  use  of 

instrument: 

dY 
Collection  of  results  for  scale  coefficient  --y-  =  Icfor  verHcal-force  mag 

ometer—from  oscillations  {0)^from  deflections  (D). 

1882.  (O)  ^    -  (D) 

Sept.  25,  /t  =  o*ooo  loii     /t=o*ooo  0940 
Oct.   31,  1839  1640,  change  due  to  readjustment  of  minor  Oc 

1883. 
Aug.    I,  o-ooo  1432  0*000  1019 

The  vertical-force  magnet  was  taken  off  its  support,  and  rebalai 
and  readjusted  August  3. 

(O)  (D) 

Aug.  3,  1883,        ^  =  o-ooo  1395  i  =  o-ooo  1034 

On  these  values  Mr.  Baker  remarks: 

The  results  from  the  deflections  on  August  I  and  August  3  are  not  satisfactory  fo 
reason  that  the  smaller  the  distance  between  the  magnets  the  larger  the  resulting  vali 
i,  Tiz: 
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Raults  of  the  differential  measures  of  the  vertical  component  of  the  »i<if/- 

netic  intensity  at  Ta>8  Angeles, 


Ang.  I 
3 


Distance,  a'ooo 
feet. 

t'Qij  feet. 

1833  feet. 

o*ooo  924 

I   005 

o-ooo  1 01 8 
1033 

o-coo  1 1 14 
1064 

Mean 


O'ooo  1 01 9 
1034 


Secondly,  for  results  from  the  oscillations  it  is  apparent,  particularly  when  the  magnet 
oscillates  in  the  vertical  plane,  that  the  time  of  one  oscillation  varies  directly  with  the  ampli- 
tude of  the  swing  and  not  in  accordance  with  the  law  for  reduction  to  an  infinitesimal  arc; 
hence  the  greater  the  amplitude  the  smaMer  the  value  of  ^.  If,  therefore,  we  should  make 
oiir  amplitude  of  oscillation  sufficiently  large  and  our  distance  of  deflection  sufficiently  small, 
we  might  get  accordant  results  by  the  two  methods,  but  we  would  not  yet  be  sure  that  these 
accordant  results  accurately  represent  the  degree  of  sensitiveness  of  our  magnetometer. 

The  observer  also  x)oiut8  to  Mction  as  one  of  the  causes  of  the  dis- 
crepant results,  aud  states  his  unfavorable  opinion  respecting  the  use  of 
the  balance  magnetometer — an  experience  which  he  also  shared  with 
others. 

January  2, 1884,  the  magnet  was  rebalanced,  since  tlie  luminous  dot, 
if uncljecked,  threatened  to  leave  the  cylinder;  on  the  same  date  the 
scale  value  was  redetermined. 

To  (^)  .  (^) 

J*n-  2, 1884,     ^  =  o-ooo  1 339  before  ^ 

1358  after    >  rebalancing. 
1253  after    J 

April  30, 1884.  On  account  of  the  sudden  change  of  reading,  April 
^1  *  redetermination  of  the  scale  value  was  made  at  the  close  of  the 
'^<>nth  and  with  special  care  to  discover  the  cause  of  the  discrepancy 
P'^cviousiy  noted.  After  rebalancing,  new  sets  of  observations  were 
'"ade  on  May  1, 1884. 

*^.  (O)  (D) 

>tr=oooco97i  before  1 

V  rebalancing. 
rel)alancing.  0818  after) 

,  "*^Ue  detail  values  from  the  deflections  now  show  less  variation  due  to 


o-ooo 

O'OOO 


0756  before  )     1    , 

0842  after    }  rebalancing. 


^Pr.  30,         A  =  0000  1 7 1 6 1  ^^  . 
**y  I,  1297     after  rel 


ige  in  deflecting  distance,  viz: 


Apr.  30. 
May  I. 


1 

a'ooo  feet. 

I  833  feet. 

1-667  feet. 

•0000956 
0848 

'OOOO972 
0834 

•0000985 
0772 

Mean 


•0000971 
0818 


"J^e  dependence  of  the  time  of  one  oscillation  on  the  amx>litude  of  the 
i^g  also  is  less  pronounced  than  on  former  occasion. 
^ay  31,  1884*.    Immediately  after  the  rebalancing  on  May  1,  the 
^^al  slowly  progressive  running  off  the  scale  set  in  and  the  reading  had 
^^hed  400  and  was  still  increasing  on  May  31;  a  rebalancing  and  a 
l^etermination  of  the  scale  therefore  became  imperative,  otherwise  the 
^Uiinous  dot  would  have  gone  off  the  cylinder.    The  observations  are 
^y  Mr.  Baiter,  assisted  by  Messrs.  Welker  and  Terry,  and  are  pronounced 
^y  liim  ansatisfactory,  viz: 
S.  Ex.  37 17 


258 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


(O)  (D) 

May  31.     k  —  0-000  1 144.     i  =  O'ooo  0680  from  three  sets,  show  ing  but  a  ti 

with  distance. 
1884. 

Sept.  7.  Values  of  k  from  deflecting  distances  2*000,  1*833,  ^^^  1-667  feci 

Observations  by  C.  Terry,  jr.,  o*ooo  0782,  o*ooo  0794, 0'OOO  0775.    W 

Nov.  30,  k  from  oscillations  0*000  1335,  results  of  one  oscillation  fairly  accord 

k  from  deflections  0-000  0882  three  sets,  fairly  accordant,  no  depei 

taiice. 

Dec.  4,  k  from  oscillations  0*000  1423,  results  fairly  accordant 

k  from  deflections  0*000  0961   three  sets,  fairly  accordant,  no  depet 

tance. 

Tbe  remaining  determinations  have  been  omitted,  since  su 
no  use  was  made  of  the  series  1885  to  1889. 

Throughout  the  seven  years'  record,  and  for  each  obsc 
appears  a  systematic  difference  in  the  vahies  of  k  as  derive 
oscillations  and  from  the  deflections,  the  latter  giving  a  sm; 

From  a  general  scrutiny  it  would  seem  that  the  deflection 
more  tnistworthy  than  the  oscillation  results,  at  least  the  dt 
the  values  for  different  distances  keep  within  tolerably  nai 
and  with  little  dependence  on  the  deflecting  distance,  w 
oscillation  results  show  greater  discord  due  to  the  difficulty 
a  true  value  for  the  time  of  one  oscillation  when  the  magnet 
swing  on  its  knife-edge.  In  combining  results  for  k  (O)  a 
have  given  the  former  the  weight  J  and  the  latter  weight 
have  the  following: 

B-ecapitulation  of  resulting  scale  values  of  the  vertical  force  ma 


Date. 

>t  in  terms  of  V. 

Remarks. 

1882. 

^ 

Sept.  25  to  Oct.  13. 

O'OOO  096     Value  to  be  used  from  beginning  of  seri 

Oct.  31. 

171 

To  be  used  from  Oct.  13  to  31. 

1883. 

Aug.  I. 

116 

An  apparent  gradual  decrease  since  0 

Aug.  3. 

US 

Magnet  rebalanced  between  Aug.  i  an 

1884. 

Jan.  2. 

095 

An  apparent  gradual  decrease  since  A 

Jan.  2. 

100 

After  rebalancing. 

f     The  value  of  Apr.  30  from  oscill 

Apr.  30,  May  I. 

117    •  jected.    These  observations  were  m: 

1  (  quence  of  a  sudden  change  of  readin; 

^  May  I. 

098     After  rebalancing. 

!  (     After  May  4  a  slow  decrease  in  th« 

May  31. 

084    -1  ings  was  noted,  hence  the  new  dctera 

(  rebalancing. 

;  (     From  deflections  only ;  making  a 

Sept.  7. 

078  '  {  diflerence  of  (0)  and  (D)  this  val« 

(  about  o-ooo  093. 

Nov.  30. 

103 

Dec.  4. 

III 

1885. 

July  I. 

132     An  apparent  increase  sinc^  Dec.  4,  ifi 

1886. 

1 

Jan.  4. 

*^...   1  f      Before    rebalancing,     from    oscill 

071 

\  Values  accepted  though  unusuaUy  sn 
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JSecapUilation  of  resulting   scale  values  of  the  vertical  force  magmt- 

ometer. 


Date. 


k  in  terms  of  V. 


i886. 


Jan.  4- 

Feb.  I  I. 
Mar.  1 8. 
Mar.  1 8. 
June  25 


Joo.  4- 
June  24. 
Dec.  29 

Jan.  8. 

Jan.  8. 
June  26. 
Dec.  20. 

Oct.  I. 


1887. 


188S. 


1889. 


098 

loi 

073 
094 

142 

142 
144 

"3 


090 

147 
>77 
173 

182 


Remarks. 


f      After    rebalancing,    from    oscillations     only. 
\  Values  accepted,  though  unusually  small. 

Before  rebalancing,  from  oscillations  only. 

After  rebalancing. 

An  apparent  increase  since  Mar.  18. 


r      Before    rebalancing,    from    oscillations    only. 
\  Value  accepted. 
After  rebalancing. 


r     An  apparent  increase  in  the  value  of  k  through* 
\  out  the  year  1888,  and  up  to  date. 


The  values  of  k  actually  ado])ted  iu  the  reduction  of  the  differential 
observations  are  specially  noted  on  the  monthly  records.  The  average 
value  is  O.(KM)  117. 

It  is  obvious  from  the  above  results  that  the  instniment  was  not  per- 
forming satisfactorily;  this  is  supposed  due  to  the  want  of  symmetry  in 
the  distribution  of  masses  with  respect  to  the  plane  of  the  knife-edge 
and  to  the  fact  that  the  instrument  was  badly  balanced,  turning  almost 
about  one  i)oint  in  the  knife-edge  nearest  the  magnet,  instead  of  rest- 
iiig  evenly  along  its  entire  edge.    Thus  the  magnet  had  a  tendency 
to  place  itself  in  the  magnetic  meridian.    It  is  also  sup])osed  that  the 
8maU  dimensions  of  the  magnet  in  comparison  with  the  massive  appen- 
^'a^es  were  unfavorable  to  its  efficiency,  but  the  principal  cause  of  the 
unsatisfactory  working  of  the  instrument  was  the  unequal  effect  of 
changes  of  temperature  on  different  materials  unsymmetrically  distrib- 
uted with  reference  to  the  knife-edge.* 

^^tkbmination  of  the   temfbbatube  of  the  vbbtical-fobcb 

^^^AGNET  AND  OF  ITS  COEFFICIENT  OF  TEMPEBATUBE,  AND  METHOD 
Oi?*  BEDUCTION  OF  OBSEBVATIONS  TO   A  UNIFOBM   TEMPEBATUBE. 

I^he  instrumental  means  by  which  the  temperature  of  the  vertical- 
magnet  has  been  ascertained  are  explained  in  detail  in  the  pre- 
ng  Part  iii  of  the  discussion. 
I^lie  thermograph  record  between  February,  1883,  and  May,  1885, 
^ers  for  both  the  bifilar  and  the  Lloyd  balance  magnets,  and  the 
*^1^  difference  in  the  treatment  for  the  two  magnets  consists  in  sub- 
5-^^iiting  the  thermometer  readings  under  the  bell  glass  of  the  ver- 
^^t^l-force  magnet  for  the  readings  of  the  thermometer  of  the  bifilar 

^*'    These  defects  iu  the  coDstruction  of  the  instrumout  were  fully  noticed  aad 
iXM.«dicd  in  the  Hpring  of  1890  boforo  remounting  it  at  San  Anton iO|  Tex. 


fo 
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Tiiapfnet.  Tlie  mean  daily  tenipcratui  e  of  the  TJoyd  b:ilnnre  raag 
as  well  as  ils  hourly  temperature  were  deduced  by  the  foiiniiUpgn 
in  Part  111. 

It  has  been  notieed  that  the  temperature  of- the  vertical-force  m 
net  is  systenuitically  lower  by  O'T^  (\  than  the  temiK'ratuie  of 
bitilar  magnet.  This  is  attributed  by  the  observer  to  the  uiiei; 
effect  of  the  heat  of  the  lamps  on  glass  inclosures  of  diftereutsh 
and  volume,  the  biiilar  bell  glass  being  high  and  thatof  thcLl 
balance  tlat  and  low. 

The  diurnal  range  of  the  temperature  throughout  the  year  is  c 
to  1  jo  c^  aii(i  tiio  range  between  the  mean  temperatures  of  the  col 
and  warmest  month  is  about  Op  G. ;  the  adopted  standard  tem|>era 
of  the  magnet  is  23.6°  C,  as  stated  in  Part  iii. 

The  temperature  coefficient  (q)  of  the  balance  maguet  was  d 
mined  directly  by  means  of  the  deflections  at  high  and  low  teraperat 
on  September  8,  1882,  and  indirectly  from  the  hourly  readings  o\ 
photographic  traces,  the  methods  being  similar  to  those  expU 
in  the  case  of  the  bitilar  magnetometer. 

Observations  for  temperature  coefficient  g  =    - .     .  —   of  the 

cal-force  magnet,  September  8, 1882.  Observers:  Baker  and  Su< 
The  magnet  is  placed  in  a  copper  box,  smith  end  westward 
center  of  box  placed  on  deflecting  bar  2  feet  east  of  unifllar  ma 
the  copper  box  is  filled  with  broken  ice,  and  to  raise  the  temper 
gradually  warm  water  is  added.  Magnetometer  No.  8  was  moi 
and  read  for  changes  of  declination,  but  the  readings  proved  n 
isfactory  •  to  the  observer,  who  substituted  a  normal  diurnal  eh; 
as  shown  in  the  computation. 


■ 


a 


CI 

O 


IB  « 

9 


o 
2 


9  35 

10  oo 

2I| 

45i 

11  lO, 

28[ 

13  II. 

35' 

14  o7i 

301 

55i 


15  00 


c  C 

a: 


(/. 


td 

a 

s 

c  c 

U 


V) 

bo 
c 

•5 


I  4730 

2j  472OJ 

3  4705 

4|  469-«' 
5  4690 

6i  46«-8i 

7  470-9, 

8  472-0 

9  473'6j 

10  474'0 

11  4750 


-27,470-3 

—  2-l'  469-9 

—  I'll  4694 

l-o-i  469-91 
I  iii470ii 

•-i7!470'5| 
+31  474-0| 

-2-8!  474-8 


—2-5 

-2-3 

-f2-0 


476-1 

4763 
4770 


be 

c 


• 

■4^ 

^ 

«-«. 

M 

Kah't. 

9r 

CJl 

H 

if. 
47365 


3290 


—1-25  —2672, 


47310:    45-65i'-o7o!— <3'97i 
47275    5510  i— 0'35l—  4-52! 


47235 
47205 

47050 


-i-  5*43 

f  14-33 

+  25-48' 

2t     i 
90-45=  502 


w  =  0^-794  (—32725-f 47240)  —  1°  55'-25 
a  — 0/794  /343775  t,.  0000  231 

.-.  q  z=o-ooo  631 


*  Supposed  to  have  been  occasioned  by  devclopiuent  of  torsion  iu  the  8U8p«' 
fAll  values  of  n  and  of  /  —  /„  being  taken  positive. 
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DeterminaHon  of  the  fenqjerafure  of  the  vertical  force  maf/net^  etc, 

^"ith  an  average  value  of  1  division  of  scale,  k  =  O'OOO  117  we  buve 

g  -5=:=:  5*4  scale  divisions  of  the  vertical  for<*e  instrument.     The  above 

Ql-y^ervations  were  not  satisfactory  to  the  observer,  and  the  method  of 
^^clucing  (q)  from  the  differential  observations  themselves  was  adopted 
a^  preferable,  as  it  takes  in  the  full  amount  of  temperature  effect.  It 
^4>TiId  appear  that  on  account  of  the  unsymmetrical  distribution  of 
j^^sses  attached  to  the  magnet  of  the  Lloyd  balance,  the  direct  effect 
Qf*  SI  change  of  temperature  on  the  dimensions  of  these  masses  greatly 
iriflnenced  its  balance,  in  conse^juence  of  which  circumstam'e  it  was 
tV>ii?^  necessary  to  reconstruct  the  instrument  before  remounting  it  in 
\S90  at  the  new  station-in  Texas. 

For  the  purpose  of  deducing  a  value  of  q  from  the  hourly  readings 
of  the  balance  magnetometer,  sjjecial  selections  were  made  of  series  of 
days  with  a  large  change  of  temperature  and  aijparently  unaffected 
by  disturbances.  For  each  series,  the  daily  mean  scale  readings  for 
(lays  of  low  temperature  were  compared  with  the  daily  mean  readings 
for    days  of  high  temperature;  the  differences  of  these  means  or  /:^« 

aii<l  the  corresponding  c^t  gave  a  value  for  g  =  -—:.    Twenty-seven 

selected  series  between  February,  1883,  and  April,  1885,  depending  on 
more  than  400  dj^ily  means  produced  the  value  q  =  7'5;  ten  of  the 
best  values  gave  q  =  6*4.  These  results  are  excessive,  and  were 
ci^tased  by  large  and  irregular  changes  in  the  position  of  the  zero  of  the 
g(.ii,le,  and  all  attempts  to  deduce  any  satisfactory  value  in  this  manner 
b£i.d  to  be  abandoned.  Further  trials  with  smaller  values  led  me  finally 
to  udopt  <|[  =  §  of  the  value  obtained  ftom  the  direct  observations  or 
q  -=  3*6  scale  divisions.  It  will  be  noticed  that  even  with  this  value 
tii^ciu've  of  the  diurnal  variation  of  the  vertical  force  is  considerably 
att'fected  by  the  temperature  correction ;  in  fact  the  question  whether 
tlie  ft-  ^^'  ^^  P«  ™« extreme  high  value  of  the  force  is  the  greater  of  the 

two  depends  almost  wholly  on  the  amount  of  temperature  correction 

applied. 

We  adopt  for  this  coiTCction     ^«  =  3-6  (230'6  C.  —  t). 

Tlie  following  tables  contain  the  hourly  temperatures,  deduced  from 

monthly  averages,  of  the  vertical-force  magnet  uiuler  the  bell  glass, 

daring  the  time  when  the  thermograph  was  in  operation: 
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AhBtract  of  mean  hourly  temperature  of  the  vertical  force  j 

degrees  centigrade, 

1888. 


Jan.     Feb.     Mar.     Apr.     May.     June.     July.      Aug.     SepL      Oct      N 


I 

-—   17-35 

2062 

20-29 

22-52 

26- 1 2 

2801 

• 

cSi6 

2936 

24-56 

2 

2 

17-20 

20-53 

20-16 

22-44 

26-01 

27-90 

28-03 

29-26 

24-48 

2 

3 

1706 

20-47 

2007 

22-37 

25-92 

27-83 

27-91 

2915 

2441 

2 

4 

16-96 

20-38 

20-00 

22-33 

25-83 

27-75 

2782 

29-07 

24-36 

2 

5 

16-87 

2033 

19-91 

2228 

25-77 

2768 

27-74 

2900 

24-33 

2 

6 

16-78 

20-26 

19-83 

22-26 

2570 

27  64 

2765 

2893 

24-30 

2 

7 

16-71 

20-22 

19-77 

22-25 

2569 

27-61 

27-61 

28S9 

2430 

2 

8 

-—   1667 

20-2I 

19-79 

22-34 

25-79 

2762 

27-66 

2887 

2434 

2 

9 

1672 

2026 

19-92 

22-47 

25-98 

2770 

27-80 

28-95 

2445 

2 

lO 

16-99 

2043 

2016 

22-69 

2633 

2793 

28-12 

29- II 

24-62 

2 

11 

.—   1715 

20-49 

2026 

22-77 

26-42 

28-04 

2830 

2923 

2471 

2 

Noon 

17-44 

2058 

20-41 

22-88 

2653 

28' 24 

28-55 

29-42 

2486 

2 

13 

17-69 

2072 

20-60 

22-98 

26-69 

28-48 

2878 

2969 

25-01 

2 

14 

.—   17-94 

20-90 

20-77 

2308 

26-85 

2869 

2904 

29-90 

25-14 

2 

15 

1814 

21-04 

2087 

2312 

26-94 

28-81 

29-21 

30-05 

2524 

2 

i6 

18-29 

21-14 

20-97 

2318 

27-01 

28-90 

29-29 

3018 

25-30 

2 

17 

18-40 

21-19 

21-03 

23-20 

27-08 

28-96 

29-36 

3028 

25-35 

2 

i8 

.—  18-45 

21-22 

21-09 

2322 

27-18 

2899 

29-41 

30-35 

25-44 

2 

19 

18-41 

2I-I8 

21-08 

23-21 

2722 

2901 

29-41 

3032 

2536 

2 

20 

.... '18-28 

2rio 

2100 

2312 

27-14 

28-92 

29-28 

3017 

25-21 

2 

21 

18-14 

20-99 

20-87 

23-02 

26-98 

2871 

29-06 

29-94 

25-03 

2 

22 

---^   17-96 

20-88 

20-72 

22-88 

2679 

2849 

28-81 

29-72 

24-85 

2 

23 

---   17-77 

20-76 

2059 

22-75 

26-61 

28-29 

28-62 

2955 

2472 

2 

MidnU 

----  17-59 

20-66 

2043 

2263 

2644 

28' 1 2 

2S-42 

29-38 

2457 

2 

17-54  20-69  20*44    2275    2646   2826   28-50   29-53    24-79   2: 


1884. 


Local 
hours. 

Jan. 

• 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

19-49 

19-89 

20-17 

20-39 

22-34 

24-96 

27-54 

2851 

26-37 

24-06    : 

2 

1935 

19-80 

20-07 

2030 

22-27 

24-87 

2741 

28-41 

26- 24 

2396    : 

3 

19-22 

19-77 

19-97 

2025 

2223 

24-79 

2734 

28-30 

2613 

23-86    2 

4 

19-13 

19-69 

19-91 

20-17 

22-19 

24-72 

2723 

28-25 

26-04 

2376    2 

5 

19-07 

1962 

19-84 

20-10 

22-14 

2467 

27-14 

28-14 

2598 

2366    2 

6 

19-00 

19-57 

19-79 

2o-o6 

22-12 

2461 

2705 

28-06 

25-94  23*55    i 

7 

18-93 

19-50 

19-72 

20-01 

22*11 

24-58 

2700 

28-00 

2589 

2347    2 

8 

18-86 

19.44 

19-73 

20-05 

22*15 

2464 

27-04 

28-03 

25-90  23-42    : 

9 

1887 

19-45 

19-76 

20-32 

22-44 

25*00 

27-34 

28-35 

26-06 

2358    2 

10 

19-00 

19-54 

19-98 

20-79 

22-58 

25-02 

27-43 

2841 

26-18 

23-09    2 

II 

1908 

19-63 

2006 

20-79 

22-6o 

2510 

27-54 

2852 

26-34 

2386    2 

Noon 

19-29 

19-77 

20-17 

20- 8 1 

22-65 

2520 

2772 

28-68 

2652 

24*09    2 

13 

19-55 

19-95 

2027 

20-90 

22-75 

2528 

2788 

2885 

26-69 

2430   2 

14 

1982 

20*15 

20-38 

2097 

22S6 

25-34 

28-05 

29-02 

2684 

24-49    2 

15 

2005 

20-33 

2044 

21-05 

22-03 

2539 

2S.I9 

29-15 

2696 

2464    2 

16 

2027 

20-50 

20-51 

2109 

23*01 

25-44 

28-28 

29-26 

2708 

24-77    2 

17 

20-47 

20-6o 

2055 

2117 

23-09 

25-51 

28*38 

29-31 

2718 

24-88    2 

18 

20-6o 

2071 

2063 

21-33 

2318 

25-61 

2851 

29-38 

27-25 

24-96    2 

19 

2054 

20-68 

2062 

21-26 

2313 

25  60 

2848 

2934 

27-23 

24-92    s 

20 

2037 

20-55 

2056 

2I'I4 

23-04 

2555 

2838 

29- 2t) 

27-12 

2477    J 

21 

2015 

2039 

20-47 

2097 

22-92 

2546 

28-22 

2915 

2697 

24-60   2 

22 

19-97 

20-27 

2035 

20-82 

22-8o 

25-34 

2S04 

28-99 

26-79 

24-42    J 

23 

19-82 

2013 

2023 

2068 

22-68 

25  22 

27S7 

28-S4 

26-61 

24*26    : 

Midn'i 

19-67 

20-02 

20-II 

2059 

2256 

25-12 

27  66 

28-69 

2647 

24*11    : 

Means 

< 

19-61 

20-00 

20*18 

20-67 

2262 

25*12 

27-74 

2870 

26-53 

2417 
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1885. 


1    boun.  1    ^ 

Feb. 

• 

M&r. 

Apr. 

Local 
hours. 

Jan. 

Feb. 

Mar. 

Apr. 

t 

/       ^ 

0 

0 

0 

0 

0 

0 

0 

/ 

19-84 

2136 

22-98 

24*08 

H 

20-25 

21-77 

2373 

24-43 

'           2 

1971 

21-21 

2287 

2397 

»5 

2050 

22-02 

23-84 

2447 

3 

19-63 

2II3 

2279 

23-87 

16 

20-67 

22-18 

2393 

2454 

4 

I    1955 

21-05   • 

22-70 

2379 

17 

20-82 

2235 

24-02 

2457 

5 

»9  49 

20-98 

22-65 

2373 

18 

20-94 

22-50 

24-15 

24-61 

6 

■9-43 

20-88 

22'59 

23-67 

19 

20-88 

22-48 

2414 

24-61 

7 

»9-34 

20-78 

22-54 

23-62 

20 

2069 

22-32 

23-98 

2458 

8 

X9-26 

2072 

22-55 

23-61 

21 

20-49 

22-13 

53-78 

24-51 

9 

K^'26 

20-69 

2272 

2379 

22 

20-31 

21-90 

2359 

2439 

lO 

19-30 

2078 

22-84 

2392 

23 

20-17 

21-72 

2339 

24-29 

II 

Noon 

19-46 
19-68 

2097 
21*22 

23-00 

2324 

24-09 
24-21 

Midn't 

20-0I 

21-55 

2323 

24-19 

• 

13 

1 

\    «9-96 

21-49 

2349 

2434 

Means 

19-98 

81-51 

2328 

24-16 

Li^t  in  =  value  of  one  thermogram  scale  division  in  degrees  centigrade 
wid  S'o  =  the  mean  temperature  in  scale  divisious  corresponding  to  the 
dopted  standard  temperature  23o*G  C,  then,  as  in  the  case  of  the 
^l»r  magnetometer  (see  p.  55,  Part  II,  of  Report  for  1891). 

f  obruary,  1883,  and  July,  1884,  inclusive,  m  =  --0-r»8  and  S'o  =  17-3 
August,  1884,  to  May  9, 1885,  m  =  +0-69  and  S'o  =12-5 
*^ee  for  these  periods 

O.  *  =  —  2-47  (17-3  —  «')  and  =  +2-47  (12-5  -«'),  respectively,  where 
===  the  thermograph  reading.  The  teuiperature  corrections  for  the 
ixxly  readings,  as  far  as  presented  here,  were  applied  by  Mr.  L.  A. 
wjL^x  at  intervals  between  Jnne  and  October,  1802J  who  also  supplied 
^  daily  mean  values  and  the  monthly  averages  for  each  hour  during 
^^  same  period  (November,  1882,  to  October,  1884,  inclusive). 
Correction  for  shift  of  zero  of  scale, — A  more  serious  difficulty  than 
fcSkt  of  freeing  the  difterential  measures  from  the  effects  of  change  of 
^iiiperature  was  encountered  in  the  ever-changing  adjustment  for  the 
ero  of  scale.  After  plotting  the  daily  mean  readings  on  suitable  cross- 
tiled  paper,  it  became  apparent  that  these  changes  were  of  the  most 
rregolar  character;  the  readings  for  short  or  long  periods  would  some- 
inies  decrease,  sometimes  increase.  All  that  could  be  done  was  to 
xace  a  cnrve  with  a  free  hand  and  apply  as  a  correction  to  each  daily 
Dean  the  corresponding  ordinate  between  this  trace  and  an  adopted 
lormal  reading,  viz,  100  divisions.  This  being  done,  the  hourly  values 
or  any  one  day  could  likewise  be  reduced  to  the  same  standard  of 
eference. 


264  U.  S.  COAST  AND  GEODETIC  SURVEY. 


>^^ 


GENERAL  REMARKS  ON  THE  DIFFERENTIAL  SERIES  OF  OBSERYATI^ 

OF  THE  VERTICAL  FORCE  COMPONENT. 

The  remaining  uncertainty  in  the  hourly  readings  of  the  balance  mng- 
netometer  due  to  our  imperfect  knowledge  of  the  reduction  for  changes 
of  temperature,  no  less  than  the  apparently  fitful  changes  in  the  posi- 
tion of  the  zero  of  the  scale  due  to  the  instrument  not  keeping  in  adjust- 
ment, has  necessarily  limited  the  useful  record  to  the  two  years  from 
November,  1882,  to  October,  1884,    Even  within  this  limit  it  was  not 
found  practicable  to  separate  disturbed  from  normal  values,  since  it 
w^as  not  known  to  what  extent  the  above  imperfections  were  mixed  up 
with  actual  magnetic  disturbances;  more  refined  investigations,  such  as 
the  lunar  inequalities  or  the  infiuence  of  solar  rotation,  were  entirely 
out  of  the  question. 

The  two-year  series  of  hourly  scale  i^eadings  (corrected  for  changes 
of  temi)erature  and  of  scale)  are  api)ended  to  this  paper;  for  each 
month  there  are  given  the  daily  means  as  well  as  the  monthly  means 
for  each  of  the  twenty-four  hours,  also  the  differences  of  each  of  the 
latter  from  the  montlily  mean  value  of  all  hours  or  days.  These  differ- 
ences are  collected  in  the  following  table;  they  constitute  the  solar 
diurnal  variation  for  each  mouth: 
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Differ entuxl  observaiians  of  the 

[Monthly  means  of  the  diurnal  variation  of  the 
a  J  J[^sig;n  indicates  |  ^ws     '**^^ 


Year 

— _  J 

Local  mean  time 

• 

and 
month. 

i» 

9^ 

3* 

4* 

5* 

6k 

7* 

8k 

9» 

xok 

ii» 

Nooa. 

1882. 

- 

Nov. 

-fro 

-fo-9 

+07 

-fo-5 

4-0-5 

4-0-6 

4-0-6 

4-11 

4-0-4 

—2-8 

—3-5 

-3-8 

Dec. 

-j-20 

-f-2-O 

-f-2-O 

-f-19 

-f  2-0 

4-1-9 

4-1-8 

-f2-0 

4-1-5 

—1*3 

—2-9 

—37 

1883. 

Jan. 

-f-i-6 

+  1-4 

+  1-4 

-fi-i 

4-1-3 

-f  1-2 

4-1-5 

4-1-4 

414 

— o-i 

— Z'O 

—31 

Feb. 

-f-o-8 

+09 

4-o-s 

+0-3 

-fo-i 

4-0-4 

4-0-7 

4-0-9 

0-0 

—  1-4 

—2'3 

— 2-6 

Mar. 

-f-I'O 

-fl'O 

-f-o-7 

-fo-6 

-fo-4 

-fo-9 

-fi-i 

4-1-1 

-fo-i 

—1-9 

—31 

—3*4 

Apr. 

+06 

-fo-5 

-fO'2 

+0-3 

-1-0-4 

-fo-8 

4-1-3 

4-1-4 

— 0-2 

1-8 

2*9 

2-6 

May. 

+0*9 

-fo-6 

-fo-6 

-fo-4 

-fo-7 

-i-o 

4-1-2 

-fo-8 

— 03 

— 2-2 

—  2-5 

—1*9 

June. 

-fo-8 

-ho-8 

-fo'S 

-fo-9 

-fro 

M-1-3 

4-17 

4-1*3 

4-0-I 

—1-9 

— 2*6 

— 2-2 

July. 

-j-ro 

-ho-8 

-fo-7 

-f-o-8 

4-1-3 

4-1-5 

4-2-0 

4-17 

4-07 

-2-6 

—31 

—30 

Aug. 

-H»7 

-i-2-o 

-f2-3 

-f-27 

4-31 

4-3-7 

4-3-5 

4-3-2 

4-2-2 

—O-I 

— 0-9 

18 

Sept. 

+  1-8 

-}-2-0 

-f  2-0 

4-2-3 

-f2-6 

4-3-0 

4-3-2 

4-3-2 

4-1-5 

—  1-2 

— 2-0 

—2-8 

Oct. 

-f-i-5 

4-1-6 

-fi-5 

-fi-9 

4-1-9 

4-2-3 

4-2-6 

4-2-5 

4-1-5 

— 0-6 

—t'S 

— 2-0 

Nov. 

-f-i-9 

+  1-9 

-f2-2 

+2-5 

4-27 

4-3-3 

4-4-0 

4-3-8 

4-2-6 

-0-7 

— 2-1 

—3-1 

Dec. 

+  1-5 

+  1-8 

-fi-9 

+2-4 

4-2-6 

f3-o 

4-3-3 

4-3-6 

4-3*3 

O'O 

—  17 

-2-4 

1884. 

Jan. 

-|-IO 

+  1-3 

-f  1-2 

+  1-3 

+  1-5 

+  17 

4-2*2 

-h2-5 

4-1-4 

— ro 

-3-8 

—4-9 

Feb. 

-fo-8 

-  -0'9 

-fo-9 

-fo-8 

-f-o-8 

-f  1-2 

4-1-3 

4-1-9 

4-1-2 

+  0-5 

— 1-2 

—25 

Mar. 

-fi-5 

■i-i-4 

-\i3 

-f  1-2 

+  1-4 

4-2-0 

4-2-5 

f2-6 

4-0-9 

—19 

-3*9 

-4-8 

Apr. 

+  17 

-fi7 

-fi-7 

-I-I-5 

-fi-9 

-f2'2 

4-1-9 

4-1-4 

-0-4 

— 2-2 

— 2-9 

-3-6 

May. 

-fo-9 

~fo-9 

-fo-8 

-fo-9 

4-1-3 

4-17 

4-1-7 

4-1-1 

— 0-6 

1*9 

—2-6 

-27 

June. 

4-16 

-fo-9 

-f-0^5 

'fO-2 

00 

-fo-4 

4-04 

— 0*2 

1*9 

—4*7 

-5*3 

4*7 

July. 

-f2-8 

41-9 

+  1-1 

-fo-5 

4- 03 

4-0-2 

+04 

03 

—3*3 

-8-4 

-8-4 

7-8 

Aug. 

-f-2-6 

-fi-8 

-f  1-2 

4-0-7 

4-0-7 

--0'9 

4-0-9 

— 06 

—4*4 

-~9-2 

— 9*1 

-7-8 

Sept. 

-fl-l 

-fo-7 

-fo-9 

4-0-5 

-fo-6 

4-1-2 

4-1-3 

4-0-8 

— i-o 

-5*5 

-5*6 

—5-4 

Oct. 

+  '•5 

-f  1-2 

-f  I'O 

-fo-6 

4-0-4 

4-0-7 

4-0-7 

-fo-6 

—0-7 

—2-5 

—3*4 

—3-7 

The  zero  correction  necessarily  precludes  any  investigation  respect- 
ing the  annual  inequality  anil  the  annual  change  due  to  the  secular 
variation.  For  the  introduction  of  any  absolute .  values  we  have  to 
refer  to  Part  I  of  the  results  of  the  Los  Angeles  observations,*  which 
contains,  in  tabular  form,  the  monthly  mean  values  of  the  dip  and  of 
the  vertical  force  throughout  the  series. 

The  solar-diurnal  variation  of  the  vertical  force. — For  the  purpose  of 
exhibiting  the  solar-diurnal  variation  of  the  vertical  component  of  the 
magnetic  intensity  in  a  form  quite  suitable  for  comparison  with  the 

*  Appendix  No.  8,  Beport  for  1890. 
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riictU  force  at  Los  Angeles^  Col. 


leal  force  expressed  in  scale  divisions.] 


1  the  diurnal  average. 

Local  mean  time 

• 

I  scale 

i8k 

19* 

division 

in  parts 

o/V. 

t 

M» 

15^ 

16* 

,'7^ 

ao^ 

81^ 

22*         an*       ^*'.^- 
"           '3       niglit. 

■^ 
^ 

— 2-3 

—1-4 

—07 

+0-4 

-f-o-9 

+  1-5 

4-1*5 

4-2-1 

4-1*7  4-2-0  4-r8 

-OOOI71 

1 

—3-7 

— 2*9 

— 2-0 

—  I'O 

— 0-3 

-j-o-i 

4-0*5 

-)-i-o 

4.1-1  4., -I  4.1.4 

165 

o 

— 2  4 

—1-9 

—  1-3 

— 0-9 

—  0-6 

— 0-2 

—01 

40-3 

4-0-7  4-0-9  4- 1- 1 

159 

9 

—  2-5 

— 1*1 

—07 

-fo-i 

+09 

-fo-9 

-f-I-2 

-    I  -6 

-ri-4  4-17  4-1*5 

153 

2 

2-1 

— 0'9 

-fo-i 

4-09 

+  1-4 

+  1-5 

-i^i-3 

-f  II 

+0-8  +0-5  4-o-s 

147 

4 

— 17 

0-8 

-fo-3 

-}-ro 

-f  1-6 

+  1-6 

-rii 

}  08 

4-0-6  4-0-2  -+-0-I 

141 

6 

1-2 

-o-s 

-fo-i 

-fo-4 

4- 06 

410 

-fo-8 

-)-o-6 

4-07  -fo-5  -fo-3 

135 

8 

1-6 

— i-o 

— 0-2 

-(-0-2 

4.07 

4-0-8 

4-0-5 

4-0-2 

-fo-4  4-0-2  4-o*4 

129 

6 

2-1 

—1-4 

— 08 

— 03 

-foi 

+  I-S 

4-0*9 

4-07 

4-0-7  -I-0-9  4-0-8 

123 

5 

2'9 

—30 

—3*2 

—2-9 

— 2*9 

'-2-6 

—1*9 

—II 

— o*3  4-0-5  4- 1  I 

116 

I 

—2-7 

—2-4 

-2-5 

—2-4 

— 21 

— 0-9 

08 

— 04 

-fO-I    4-0-6   -f  1-2 

112 

1 

2-0 

— 2-1 

— 21 

— 2-1 

—1-5 

1*4 

—0-9 

— 0-6 

— o-i  4-0-3  -f 07 

108 

5 

—3-7 

-3-6 

—3-5 

— 3'> 

—17 

-1-3 

— 0-9 

-05 

-fO-I    4-08    -{-1-2 

104 

A 

—3-5 

-3-5 

—3*2 

—2-5 

-'•5 

—1-4 

—0-9 

— 06 

0-0  4-0*5  4-0-8 

100 

S 

-3-6 

—2-4 

— 1*2 

-yO-2 

+  1*3 

-f-ro 

4-07 

4-0-8 

4-0-9  -fo-9  -f  1-3 

100  i 

•o 

—3-2 

—27 

—  17 

— I'l 

-f-ro 

4-0-8 

4-07. 

406 

4-0-7  4^0-6  4-07 

104  , 

•5 

— 3'5 

— 2-4 

—1-4 

0-8 

4-0-8 

-\-^'i 

4-1*1 

4-1*1 

4-1-3    -4   1-2    4-1-4 

loS! 

•5 

—34 

—2-5 

—  19 

— i-o 

4-0-6 

-{-0'8 

+07 

4- I-o 

4-1*3  4  1*4  4-1*5 

112 1 

-8 

—2-5 

— 2-0 

—  II 

— 0'6 

-f-o-8 

H-o-8 

-I-0-8 

4-11 

-f  1-2  -f  1-5  4-1-6 

091  ■ 

r-O 

—3*3 

—  2-0 

— 05 

-fo-8 

4-3*4 

+4-1 

4-4-0 

4-3*2 

--2-8    4-2-2    4-1-3 

089, 

>-4 

—4*9 

— 2*9 

-^•8 

+  1-8 

+57 

4-6-3 

4-60 

-^5*1 

4  4*3  4  3*Q   f  2-6 

086! 

>-2 

—4*4 

—21 

-fO-2 

-f3*2 

+5*9 

+5« 

-5*1 

-f4*6 

4-4*0  4-33  -f 2-6 

082 

1 

^•5 

-2-8 

—  1-4 

— 0-2 

-j-07 

+  30 

4-3*2 

4-3*2 

4  2-8 

4-2-3  4-2-3  4-'*8 

080 

3-2 

2-1 

— I-I 

—0-4 

-j-o-6 

-f-2'O 

+  1-4 

4-1*4 

-hi*4 

-f  1-4  4-1-2  4-1-1 

095 

ke  variation  at  other  stations,  the  scale  divisions  were  convertwl  into 
-alnes  expressed  in  parts  of  the  force  as  shown  in  the  following  table, 
vbich  also  contains  mean  values  for  each  hour,  separately  for  the  first 
and  for  the  second  year  as  well  as  for  the  mean  of  both  years,  and  further- 
more two  sets  of  hourly  m^,an  values,  one  for  the  time  (summer  half  year) 
when  tbe  sun  is  iu  north  declination,  the  other  for  the  time  (winter  half 

year)  when  in  south  declination.    To  the  tabular  values    y    is  added 

a  colnmn  containing  the  observed  values  of  V,  which  latter  will  be 
lidded  to  express  the  diui^nal  variation  in  absolute  measure  (or  dynes). 
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Monthly  nutans  of  the  diurnal  rariatuyn  of 


o'ooo  [fourth  and  fifth 


Year  and 

month. 


1882. 
Nov. 
Dec. 

1883. 
Jan. 
Feb. 
Mar. 
Apr. 
May. 
June. 
July. 
Aug. 
.Sept. 
Oct. 
Nov. 
Dec. 

1884. 
Jan. 
Feb. 
Mar. 
Apr. 
May. 
June. 

July. 

Aug. 
Sept. 
Oct. 


[Local  mean  time.] 


6^ 


8^ 


lO^ 


II*     Noon. 


+  17 
-t-33 

4-12 

io8 

4-12 
-f  10 

-fI2 
-4- 20 
4-20 
4-16 

4- 20 

4-15 

4-10 
4  oS 
-^  16 

^08 
i  14 
-i  24 

i  21 
4-09 

4-14 


4-15     -LI2     4-09 

4-33      r3i    r3i 


4-22 

+  14 

+  15 

-ho7 
4-08 
+  10 
4-10 

4-23 

4-22 

-ri7 

4-20 

4  18 

-^13 
4-09 

4-15 
+  19 
fo8 

4-08 
4-16 

4-15 
4-06 

4-II 


4-22 
+  08 

-fio 

-03 

-f-08 

-fo9 
4-27 

-^22 
4-16 

4-23 
4-»9 

-1-12 

4-09 

4-14 

^  «9 

^07 

4-04 

—  10 

•07 

MO 


4-38 

4-05 
4-09 

:o4 

4-os 

4-12 

4-31 

4-26 

-f20 

4  26 

4-24 

-fU 
4-oi 

4-13 
4-17 
-ro8 

-^02 
4-04 
406 
4-04 
4-06 


-U09 
—21 

4-02 

4  06 
-fo6 
r09 

4-13 
+16 

4-36 

4-29 
4-20 
4-28 
4-26 

4-15 
4-08 

4^15 
4-21 

-rl2 
4-00 

4-03 
fo6 

4-05 
i04 


L.IO 

;  31 

+  19 
4-06 

4-13 

4-II 
4-14 

4-17 
-f-i8 

443 

f-34 

-25 

434 
t  30 

4-17 

4-12 
4-22 

4-25 
4-16 

4  04 

i-02 

-.07 

-i- 10 
-^07 


4- 10 

430 

4-24 

4  II 
-,16 
4-18 
4-16 

-1-22 
4-25 

+41 

+36 
+  28 

4-42 

4-33 

4-22 

4-14 

4-27 

4  21 

i.  04 
-03 
4-07 
4-10 

+07 


4-19 

_U22 

-1  14 
-.   16 

i  20 
i-II 

-rl7 
4^21 

+37 
-.36 

427 
440 

36 

4^25 
f  20 

-28 

-^16 
-  10 
— 02 

—03 
-05 

-t-06 

-i  06 


-ho7   —48 

4-25    —21 


-f  22 
00 

-f02 

-03 
-04 

-  01 

4-09 

-26 

17 
+  16 

4-27 

4-33 

4-14 
4-12 
-fio 
— 04 

—06 

-17 
-28 

-36 

—08 

-07 


— 02 

— 21 

—28 

—25 

—30 
—24 

—32 
— 01 

-»3 
—06 


—00 

—  10 

4-05 
— 20 

-25 

"I7 

-42 

—72 

-75 
—44 
-24 


60   -6^ 
.48   — ^ 

■32 

35 
46 

41 

34 
34 

38 
-10 
-22 
16 
-22 

«7 


-38 
-12 

42 

-32 
24 

-47 
72 

75 
-45 
-32 


-49 
-26 

—52 

—40 

-25 

—42 

-67 

-64 

—43 
-35 


First     year, 

Nov..  1882, 

to  Oct., '83. 

inclusive.       -\-\(>%  -^l(>^  4- '47  4-'So  4-i66  -f  201  4-230  4  227  4-097  -211  — 346  — jf 
.Second  year,  \ 

Nov..  1883, 

to  Oct., '84, 

4-149  f  1324.120  -f  109  4-1 19  4-154  4-171  4-147  -008 


inclusive. 
Mean  of  two  ; 
-    years.  4-158-1.148  4  133  41294-142  .f  177  4-200  4  187  -^044 


276 
243 


382  -4 

364-^ 


Sun  north  of  .  ^ 

equator: 

Apr.toSept.  4-149  -  127  4-110  -f  107  4-129  4  166  4-182  4-137  —045  --235  —395  -f 
Sun  south  of 

equator: 

Oct.toMar.    4-168  4-169  4-157  4-151  4  155  4  189  4-2194-238  4-134 


-152- 


— f 
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the  rat  ical  force  J  expressed  in  parts  of  V, 

dccJjBalpUccs  in  Uble]. 


[Local  mcairtline.] 

'3' 

M» 

«5* 

i6k 

17* 

i8k 

19k        ao* 

31^ 

33k 

»3* 

Mid- 
night. 

04 

V. 

-56 

—39 

-24 

—  12 

+07 

4-15 

+  26    +26 

436 

4-29 

+34 

+31 

1 
629 

^68 

61 

-48 

—33 

—16 

-05 

+02    +08  • 

-,-16 

+  18 

+  18 

+  23 

38 

-48 

-^! 

-30 

—21 

-14 

—10 

-03     -02 

+  05 

+  11 

+  14 

4  18 

35 

-44- 

-38 

-17 

—II 

-}-02 

fi4 

+  14    +18 

+  24 

+21 

+26 

-  23 

34 

-47 

-3' 

-13 

-f-02 

+  13 

-t  21 

+  22     +19 

-     16 

+  12 

+07 

+07 

42 

-34 

-24 

—  II 

-404 

-14 

^23 

+  23     +16 

i-II 

+08 

-^03 

+01 

36 

^22 

-16 

-07 

-foi 

-^o5 

4o8 

+  01      +11 

408 

+09 

407 

+04 

37 

-23 

-21 

-13 

—03 

-+03 

-f  09 

+  10     +06 

4-03 

-fo5 

403 

+05 

40 

-J2 

-26 

—  17 

—10 

—04 

+01 

f!8     4- II 

+  09 

+09 

4  II 

+  10 

45 

-29 

-34 

-35 

—Z7 

34 

-34 

—  30    —22 

—"3 

—04 

4  06 

+  13 

41 

-35 

-30 

—27 

28 

—27 

—24 

—  10    —09 

-04 

+01 

i  07 

+  13 

36 

-23 

—22 

—23 

—23 

-23 

-^16 

—  15     —10 

-06 

—01 

403 

+08 

38 

-36 

-3« 

—37 

-36 

-32 

-18 

~I4    —09 

-05 

+01 

f  08 

+  12 

37 

-34 

-35 

—35 

32 

25 

-15 

—14    —09 

—06 

00 

^05 

4-08 

40 

-4S 

-36 

—24 

—12 

—02 

-fi3 

+  10    +07 

+08 

+09 

+09 

+  13 

29 

-31 

-33 

28 

—18 

—  II 

4-10 

.4.08    +07 

+06 

07 

+06 

+07 

30         • 

-49 

-38 

-^6 

-15 

—09 

4-09 

+  14    -rI2 

-^12 

-14 

-^13 

-15 

27 

.     -39 

-38 

—28 

—21 

—  11 

-f-07 

+  09    +08 

fii 

-  15 

+  16 

+  17 

37 

-26 

~23 

18 

—10 

06 

-fo7 

+07    +07 

-t  10 

-11 

^  14 

+  15 

36 

-36 

—29 

—  18 

—04 

+07 

+30 

+  36    +36 

+28 

+  25 

+20 

+  12, 

37 

—55 

—42 

—25 

-07 

4  16 

+49 

-^54    +52 

+44 

-137 

-34 

+  22! 

37 

—51 

-36 

—  17 

-|-02 

4-26 

+48 

+48    +42 

438 

+33 

+  27 

4-21 

22 

-36 

— 22 

— II 

— 02 

-ho6 

4-24 

+26    -{-26 

-22 

418 

+  18 

+  14 

29 

—30 

—20 

—  10 

-04 

r  06 

n  19 

^^Z   +«3 

-ri3 

+  13 

+  11 

+  10' 

36 

-3^i- 

-316- 

-220 

-141- 

—062 

+002  +048+061 

+087  +099  +116 

+  130, 

£ 

04638 

—389- 

-326- 

-232 

-133 

-030 

+  153+165 +159+152 

+  i53+*5i 

+  140 

0 
U 

0*4633 

—386- 

-321- 

-226- 

-137 

—046 

+077  +106  +110 

+  120 

+  126 

+  133+135 

i 

04635 

—347- 

-284- 

-189- 

--095— oo4-fi25  +160-1-152 

+  139 

■  -       -  1 
+  140 +136 +123 

! 

9J 

JZ 

'Ji 

'c 

04636 

— 426- 

-358- 

-263- 

-179 

-088 

+  032  +052  +068  +100 

;  113+130 

1 

+  146 

D 

d 

04635 
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In  general  the  diurnal  variation  of  the  magnetic  force  is  characterized 
by  two  extreme  values,  one  occurring  at  some  morning  hour,  the  other 
at  some  afternoon  hour;  these  include  the  principal  minimum,  wbicU 
takes  place  an  hour  or  two  from  noon,  either  before  or  aft«r.  The  result 
from  two  years  of  observations  (November,  1882,  to  October,  18^, 
inclusive)  shows  that  the  maximum  force  is  reached  about  7  o'clock  a. 
m.,  the  minimum  about  noon,  and  a  second  extreme  high  value  is 
reached  about  an  hour  after  midnight,  though  the  rapid  rise  of  the 
intensity  apiiears  checked  about  7  o'clock  p.  m.  At  other  places  the 
afternoon  extreme  is  more  intense  than  the  morning  extreme,  but  the 
two  values  differ  little  in  intensity. 

In  the  following  table  I  have  brought  together  for  comparison  the 

hourly  values  of  -^  for  the  annual  average  at  four  North  American 

stations.  The  values  for  Toronto,  Canada,  are  those  given  by  Sabine 
and  refer  to  the  five  years  from  1843^  to  1848*.  The  Philadelphia 
series  is  taken  from  the  Coast  Survey  Report  for  1863,  appendices  19 
and  20,  changing,  however,  the  sign  of  the  variation  which  appeared 
to  me  demanded;*  the  values  refer  to  the  years  1841  to  1845i,  and 
extend  over  four  and  one-half  years;  they  are  partly  homly,  partly 
bi-hourly;  only  the  latter  are  given  here.  The  Washington  series  com- 
prises the  two  years  1889-'90,  and  is  taken  from  the  results  published 
by  the  U.  S.  Naval  Observatory  (Washington,  1891). 

•  When  making  some  preliminary  comparisouH  relating  to  the  diurnal  variation 
last  July  I  noticed  that  at  Philadelphia,  when  contrasted  with  other  places,  the 
occurrences  of  maxima  and  minima  appeared  to  he  interchanged  or  else  that  tbcf^iijn'' 
were  not  correctly  interpreted;  this  led  me  to  a  closer  examination  of  the  i"ecoPl 
and  of  the  results.  The  observations  were  published  in  1847  in  four  octavo  volomeB, 
as  a  public  document,  by  order  of  the  United  Stat«s  Senate ;  the  reduction  and  dis- 
cussion of  these  observations  by  Dr.  A.  D.  Bache  (and  in  which  he  was  assisted  by 
the  writer)  are  given  in  the  Smithsonian  contributions  to  knowledge  and  reprinted 
in  the  Coast  Survey  Reports  for  the  years  1859-'60-'62-'(>3-'64.  In  volume  ii,  p.  18l^» 
we  tind  *^  increasing  scale  readings  correspond  to  decreiising  force/'  and  the  wun* 
information  is  engraved  at  the  bottom  of  the  plates  of  diagrams  which  exhibit 
the  changes  of  the  vertical  force  from  January,  1841,  to  the  close  of  the  series,  for 
which  see  volume  iv  (printed  in  1845) ;  further,  the  diagrams  themselves  show  the 
force  to  be  near  its  maximam  about  noon.  In  volume  in,  p.  3128,  wo  again  meet  the 
statement  that  increasing  scale  readings  for  vertical-force  magnetometer  correspond 
to  decrease  of  force;  and  the  discussion  is  in  accord  witli  the  record.  Now  it  would 
appear  that  these  statements  in  the  original  record  are  the  reverse  of  what  they 
should  be,  since  about  noon  we  ought  to  have  the  smaller  values,  i.  «.,  the  minimum 
and  not  the  maximum  force  should  be  indicated.  This  reversal  by  inadvertence, 
did  not  further  obtrude  itself  on  the  attention  of  the  computer  at  this  early  date, 
when  hardlj"^  more  than  a  single  station  existed  with  which  to  compare  results, 
the  non-accord  of  the  variations  deduced  for  Philadelphia  and  Toronto  being 
ascribed  to  their  different  geographical  positions. 

With  the  signs  reversed  we  obtain  a  good  correspondence  respecting  the  prov- 
alence  of  a  weaker  vertical  force  about  tlie  time  of  midday  than  the  average  force 
throughout  the  twenty-four  hours;  this  holds  for  Philadelphia,  Toronto,  Dublin, 
Washington,  Los  Angeles,  and  other  places.  The  required  change  of  sign  also  affecte 
more  or  less  the  reductions  and  conclusions  presented  in  the  Coast  Survey  Report 
for  1863,  appendices  19  and  20,  and  Report  for  1864,  appendices  16,  17,  and  18. 
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Comparative  table  of  the  ftolar-diurnal  variation  of  the  vertical  component 

of  the  magnetic  force, 
<v 

Valuesof  'y=o'ooo  (with  4th,  5Ch,  and  6th  decimal  places  in  table  below). 


^    ^ 

^ 

m 

m 

•5tJ 

•* 
•0 

0 

m 

00 
'5 

H 

o'i 

-"5 

o<2 

mS 

Hour. 

2S 

a- 

JS 

hj 

H 

flu 

Midnight 

-I-I35 

— 019 

-f-007 

+287 

I 

+  158 

—044 

— OIO 

-  — •• 

2 

+  148 

—054 

— 024 

+"5 

3 

-I-I33 

— 050 

— 024 

.  ___ 

4 

+  129 

—048 

— 014 

+  «3« 

5 

+142 

—030 

+007 

—     •■     MV     W 

6 

+177 

— 012 

4-028 

4068 

7 

4-200 

— 014 

4-028 

••  •-•« 

8 

4-187 

— 029 

4-017 

-129 

9 

4.044 

—065 

—021 

.... 

10 

—243 

— OQI 

—078 

-257 

II 

—364 

-087 

— >3> 

Noon 

— 402 

-OSS 

— >3i 

-366 

13 

-386 

-013 

—072 

—  —  •a. 

14 

—321 

-1-040 

028 

—377 

15 

— 226 

4-076 

+024 

16 

— >37 

+091 

-foS9 

-^i65 

17 

— 046 

-f  lOO 

4-069 

18 

-f077 

-1-092 

-fo66 

4-I2I 

19 

-(-106 

4-084 

-foS5 

W   M  M  W 

20 

-j-IIO 

+067 

+053 

4-282 

21 

-}-I20 

4-048 

4-052 

■M^^^ 

22 

-I-I26 

4-028 

+045 

+  290 

23 

+  133 

-foos 

-1-028 

Midnight 

-{-^35 

— 019 

4-007 

+  287 

V 

04635 

0-6201 

05798 

0*5912  of  a  dyne. 

0 

59®  30^2 

750  i5'i 

71*05^-2 

71* 58^7 

N.  B. — At  Washington  the  observations  were  made  eight  minutes  earlier  and  at 
Philadelphia  twenty-one  minutes  later  than  the  hour  indicated  in  the  table. 

A  4-  sign  to  a  tabular  number  indicates  excess,  a  —  sign  defect  of  intensity  as 
compared  with  the  average  value. 
Dinmal  range  at — 
Los  Angeles,       0000 560  in  parts  of  V. 
Toronto,  191 

Washington,  200 

Philadelphia,  667 

As  partly  explaining  the  relatively  large  amplitude  at  Los  Angeles,  it  should  be 
remembered  that  the  epoch  of  observation  at  that  place  coincides  with  a  sun-spot 
maximum  (in  1883),  whereas  at  Toronto  it  coincides  with  a  sun-spot  minimum  (in 
1843),  and  the  same  holds  for  Washington  with  minimum  in  1889;  yet  we  find 
Philadelphia,  to  be  an  exception,  viz,  a  large  amplitude  though  the  sun-spot  min- 
imum occurred  in  1843.* 

The  diurnal  variation  is  shown  graphically  on  the  accompanying  illustration, 
No.  28. 

*  Possibly  the  very  heavy  magnet  employed  at  Oirard  Colleize,  Philadelphia,  may  ftjrniah  a  clew  to 
thi^  large  ampHtndedne  to  ite  inertia.  The  dimenaionM  were:  length,  2  feet  1  inch;  width,  2  infheti; 
thickDess,  ^  inch.  The  magnet  at  Los  Angeles  was  but  5*4  inches  in  length,  0*8  brood,  and  0*1  thick. 
XJia  Wuhiiigton  and  Toronto  magnets  alao  were  small. 
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THE   DIURNAL   VARIATION    OP   THE    INCLINATION    AND    TOTAL 

FORCE. 

By  a  combination  of  the  variatioii8  of  tbe  horizontal  and  vertical 
components  of  the  magnetic  force  at  fjos  Angeles  for  variations  iu  the 
inclination  and  total  force,  we  have  the  relations 

(f^SSSm    d  cos    i)   f      y-  TJ       ) 

-y  =  sin*  6  y  +  COS*  6  -g 

From  part  iii  of  the  discussion  of  the  observations  at  Los  Angeles 
in  Coast  and  Geodetic  Survey  Report  for  1891,  Part  IF,  Appendix 
No.  4,  pp.  68  to  73,  we  can  get  the  values  of  (fH  in  scale  divisions,  hence 

i5FI 
also  the  values  -vj  - ,  excepting  for  November,  1882,  which  had  to  be 

taken  from  the  MS.  computation.  All  disturbances  are  included,  ex- 
cept for  November,  1882,  when  the  disturbances  were  so  excessive  as 
almost  to  obliterate  the  regular  diurnal  variation. 
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Diurnal  variation  of  the  horizontal  component  of  the  magnetic 

Norem 

['ooo  with  fourth  and  fifth  decimal  p 


Year  and 
month. 

1" 

a* 

3* 

4" 

5* 

6h 

7*          8^ 

9* 

xofc 

1882. 

Nov. 

+09 

+  13 

4-07 

4-14 

4-27 

+24 

+20  —14 

— 22 

-56- 

Dec. 

—01 

-|-02 

4-»3 

4-14 

4-21 

4-26 

+39    +43 

+35 

4-02- 

1883. 

Jan. 

+  10 

4-09 

4-17 

+24 

4-26 

+34 

+37    +26 

+  13 

-29- 

Feb. 

4-17 

4-15 

4-24 

-h3» 

+37 

-r45 

+50   +38 

+27 

— 10  - 

Mar. 

+07 

4-14 

4-21 

4-27 

+29 

+29 

4-16   4-07 

—04 

08- 

Apr. 

+37 

4-31 

4-25 

4-31 

+27 

-f26 

4-22   — 02 

26 

—39- 

May. 

+  14 

4-12 

4-12 

4-II 

+  19 

-j-22 

4-11    —19 

— 20 

—07- 

June. 

-{-20 

4-32 

4-iS 

4-21 

+  21 

+  19 

-03   —25 

—26 

ooH 

July. 

+26 

4-23 

-^I9 

4-23 

+27 

+33 

4-17    +01 

—14 

— 05H 

Aug. 

-hi6 

-h2S 

4-24 

4-24 

4-22 

-f26 

— 01    —40 

39 

-25- 

Sept. 

-|-20 

-j-22 

-f22 

-34 

+  27 

+37 

+04   —32 

—43 

—39- 

Oct. 

-f22 

4-27 

4-37 

4-39 

+37 

+29 

+05    —39 

-52 

—54- 

Nov. 

+05 

4-13 

4-20 

4-38 

+40 

+34 

+31    +07 

—19 

—41- 

Dec. 

+01 

4-08 

4-20 

4-22 

+33 

+41 

+44    +31 

+09 

—33- 

1884. 

Jan. 

-1-08 

4-23 

4-27 

4-24 

+35 

+38 

+40   +31 

—02 

-57- 

Feb. 

+08 

+  12 

4-22 

-f-28 

+32 

+37 

4-49    4-60 

+54 

4-28- 

Mar. 

+  17 

4-34 

4-34 

4-39 

+34 

+37 

+27    —02 

—35 

39 

Apr. 

+  19 

4-20 

+32 

4-34 

+31 

+37 

-f  08   —08 

16 

—15- 

May. 

-fl2 

4-13 

4-07 

4-05 

+  14 

+14 

—01    —15 

—04 

+11  4 

June. 

— 01 

-h" 

4-07 

4-13 

+  15 

-22 

4-08       00 

4-01 

+134 

July. 

-f04 

4-14 

4-13 

4-17 

+24 

+24 

4-07    -21 

—16 

004 

Aug. 

+28 

'4-21 

4-27 

4-29 

4-27 

+23 

-05    —34 

-25 

—24- 

Sept. 

-h2I 

4-17 

4-28 

4-33 

+35 

+25 

-03    —35 

—44 

—40- 

Oct. 

-f-13 

4-22 

-j-26 

4-33 

+34 

+29 

4-20   — 09 

-25 

—29- 

Average, 

first  year. 

+l6-4+i8-8-hi9-: 

J  -\-  24-44- 267  4-  29'24- 1 8- 1  —04-7 

—14-2 

—22-5- 

Average, 

second  year. 

-f-ii-: 

24-i7*34-2r9+26-2-f  29-54- 301 

14-18-74-00-4 

— lo-i 

18-8 

Mean   of  2 

years. 

-fi3-J 

5-fi8] 

i-f2o-84-25-3-}-28-] 

[+29-6-1-18-4 — 02-1 

-12*2 

—20-7 

Apr.  to  Sept., 

inclusive. 

0  north  of 

equator. 

-|-l80-f-20-l 

I4-I9-24-22-94-241 

[4-25-74-05-3—19-2 

—22-7 

—14-2 

Oct.  to  Mar., 

inclus  i  V  e . 

0  south  of 

equator. 

-f097-f  i6-o+22'3+277+32-i 

+33  6+3i-5+H-9— oJ-8 

—27-2 
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at  Lo8  AngeleSj  Cal,,from  tico  years  of  observation, 
to  October^  1884. 

I _  when  ^  j  than  daily  average.] 


Values  of  ^from 


n' 

M* 

15* 

x6k 

«7* 

iB> 

19" 

20k 

3xk 

aa* 

ajfc 

Mid. 
night. 

-52 

-37 

—17 

-I-02 

+  32 

+39 

4-12 

+36 

4-26 

4-14 

CO 

+31 

-49 

-24 

—08 

-~OI 

4-09 

4^02 

—02 

—19 

—  12 

-03 

-05 

+04 

-46 

—10 

4-04 

+09 

4-04 

4-09 

+  10 

4-02 

-04 

—04 

+05 

4-02 

-37 

28 

— >7 

—28 

—27 

— 21 

-25 

— 22 

-17 

-15 

4-04 

+01 

-29 

-13 

—03 

4-08 

4-01 

16 

—'3 

—22 

— 12 

-04 

— 02 

+13 

—28 

—34 

->5 

—07 

-15 

-17 

-13 

4-02 

-fii 

+  11 

+17 

+  19 

4-11 

+  12 

+03 

—09 

—21 

28 

—21 

—16 

—14 

— 02 

— 01 

+19 

+13 

4-12 

-foi 

—35 

-46 

—34 

-36 

—13 

—10 

4-09 

+" 

+  11 

409 

+05 

— 21 

—21 

—34 

28 

-25 

—24 

—16 

—07 

4-02 

4-02 

-13 

-05 

—03 

—01 

-«5 

—08 

—07 

4-04 

4-10 

4-08 

4-16 

-{-20 

--09 

+05 

+  19 

+  15 

4-01 

-05 

4-04 

4-04 

—08 

-16 

00 

4-02 

^17 

—04 

—07 

00 

—04 

4-04 

+'i 

4-10 

4-^5 

+  12 

4-09 

+  21 

-'3 

—04 

— 01 

—09 

—03 

4-03 

—08 

—09 

—09 

—03 

+03 

—04 

-43 

— 21 

— 02 

-fos 

4-10 

4-08 

+05 

4-02 

00 

00 

-OS 

+03 

-64 

—28 

+05 

4-20 

4-15 

-fi6 

+17 

+  15 

4-08 

4-07 

+08 

+  14 

-59 

-56 

—41 

—24 

—19 

-05 

—04 

—10 

—21 

—17 

— 12 

— 02 

—34 

—II 

+01 

— 01 

—07 

—19 

—14 

-05 

—07 

4-08 

4-04 

+  13 

23 

—11 

—01 

-05 

—21 

— 22 

-15 

—II 

4-05 

4-08 

+03 

+  13 

--II 

+  14 

—05 

—16 

-29 

—27 

— 21 

—13 

—03 

~02 

4-08 

+  13 

-f2I 

-fi5 

— 01 

— 20 

—33 

—33 

—21 

—19 

—12 

-07 

--03 

+01 

-fi6 

+05 

-05 

—26 

—41 

—34 

—21 

—14 

—II 

—  10 

+09 

+  11 

— II 

-15 

->5 

— 20 

—19 

-j-02 

4-04 

407 

4-10 

+  12 

4-12 

+  13 

03 

+03 

-05 

—07 

-08 

—04 

— 10 

— 01 

4-08 

— 01 

4-10 

+09 

— 10 

—02 

+03 

4-02 

-04 

—04 

-15 

— 21 

—17 

—  10 

—08 

4-02 

— 20-6 

— lo-i 

-<55-3 

-05-7 

— 096 

— o8-6 

o8-8 

-04-8 

— 02-6  4-00-2  4-047  4- 1 2- 1 

—177 

— 09-2 

—05-6 

— 084 

—13-2 

—09-9 

— 086 

— o6"6 

— 04-1 

[  — 01-2  4-02'4  4-072 

—  19- 1 

—097 

—05-4 

— 070 

— il'4 

— 09-2 

— oS-7 

-057 

—03-4  —00-5  -I-03-6  +096 
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Diurnal  variation  of   the  incHnation  and  of  the  total  force 

at  Los  Angeles,  Cat. 

We  have  for  the  first  year  d  =  59°  3o''8  and  for  the  second  J^car  6  =  59®  29''6. 
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The  extreme  deviation  of  the  dip  from  the  mean  A'alue  during  the  dinrual  v; 
tion  only  reaches  ^  of  a  minute;  hence,  nnder  ordinary  circumstances,  when  obs 
ing  the  dip  directly,  no  notice  need  be  taken  of  this  diurnal  variatioUf  and  the  e 
remark  also  refers  to  the  ordinary  observations  for  the  horizontal  (and  total)  ii 
sity.  In  the  latter  case  the  extreme  difference  firom  the  normal  values  is  hut 
three- thousandth  part  of  the  respective  force,  a  degree  of  accuracy  which  caau< 
assured  in  field  work. 
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It  is  evident  from  a  perusal  of  the  above  table  that  a  much  greate 
number  of  stations  and  longer  series  will  be  needed  before  we  can  I 
justified  in  attempting  any  generalization  for  North  America  respectic 
the  diurnal  variations  of  the  dip  and  of  the  total  force. 

Disturbances  of  the  vertical  companent  of  the  force. — ^The  great  ma 
netic  storm*  of  November  17  to  20, 1882,  falls  within  the  limits  of  t! 
better  part  of  the  vertical-force  record  and  demands  attention  in  ord 
to  complete  our  information  of  it  as  well  as  of  the  magnitude  of  t 
disturbances  in  the  dip  and  in  total  magnetic  force.  The  storm  c€i 
menced  suddenly  a  short  time  before  2J  o'clock  a.  m.,  November  17,  ^ 
continued  until  about  7  o'clock  p.  m.,  November  20,  thus  lasting  tU. 
days  and  sixteen  and  one-half  hours.  The  agitation  of  the  magnets  "% 
continuous  during  this  time,  but  on  each  day  it  apparently  abs^ 
somewhat  in  violence  between  the  hours  of  10  a.  m.  and  4  p.  m.  T] 
storm  set  in  according  to  the  declination  trace  at  2^  25"',  north  en<3 
magnet  deflected  to  the  west;  amount,  40';  according  to  the  horizons 
force  trace  at  2^  26™,  force  increasing^  26  divisions  (or  0-00280  H) 
an  unknown  distance,  through  the  failing  of  the  trace;  according  to  t 
vertical-force  trace  at  2^*  26"',  force  increasing^  12  divisions,  or  OKK)^ 
parts  of  V.  The  extreme  position  of  each  magnet  was  reached  hef(» 
3%  after  which  the  direction  of  the  disturbance  was  reversed.  Darii 
this  time  the  dip  was  certainly  affected  as  much  as  1'  8'^  (less  than  tl 
normal) ;  how  much  more  is  not  known  for  want  of  the  horizontal-for 
trace.  The  total  force  had  increased  by  0-00224  F.  and  beyond.  T3 
disturbance  was  probably  at  its  height  November  17,  between  18^  ai 
20^',  when  the  horizontal  force  was  below  and  the  vertical  force  abc 
their  normal  values,  while  the  north  end  of  the  declination  magnet  w 
deflected  to  the  east. 

This  remarkable  storm  was  accompanied  by  powerful  and  symi: 
thetic  (in  time  and  energy)  earth  currents,  which  interfered  with 
interrupted  telegraphic  communication ;  besides,  there  was  on  the  ev« 
ing  and  night  of  November  17  an  auroral  display  of  unusual  magUu 
cence.  On  the  same  day  there  was  visible  to  the  (protected)  nak 
eye  an  enormous  sunspot,t  which  at  the  time  of  the  first  outhrealc 
the  magnetic  disturbance  was  yet  to  the  east  of  the  solar  central  meK 
ian.  As  at  Los  Angeles,  the  outbreak  of  the  storm  was  sudden 
Greenwichf  and  happened  at  'November  IQ,  22*»  15™  G.  M.  T.,  or: 
November  17, 10^  15™  a.  m.;  subtracting  the  difference  of  longitude  - 

^ •  

*  See  illustration  No.  29,  which  is  a  copy  of  the  photographic  traces  of  Novear 
17, 18;  19,  and  20,  1882,  but  reduced  (the  same  as  the  corresponding  plate  showings 
disturbances  in  the  horizontal  force,  part  iii)  by  photography  in  the  proportion  ci 
to  35-2. 

1 194  seconds  of  arc  iu  length  and  134  seconds  of  arc  in  breadth ;  this  spot  is  saL 
have  been  the  largest  yet  photographed  at  Greenwich;  it  was  near  the  central  ^ 
meridian  on  November  18.    In  connection  with  this  it  may  be  noted  that  the  ^ 
1883  was  one  of  maximum  spot  production. 

tNtktuT^,  vol.  XX vu,  p.  82  and  fo\. 
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Disturbances  of  the  tertical  component  of  the  magnetic  intensity 

at  Los  Angeles. 

53",  we  bave  the  correspondiug  Lo»  Angeles  time,  2^  22™,  which  is  but 
3m  Qp  41D  earlier  than  tlie  time  recorded  on  the  Los  Angeles  traces. 

Aniagnetic  storm  of  but  slightly  le^s  intensity  occurred  on  Jane  24  and 
25, 1885.  It  was  characterized  by  two  sudden  outbreaks  about  5J  hours 
apart  on  June  24.  Photographic  traces  of  this  remarkable  storm  were 
obtained  at  seventeen  different  observatories  situated  in  North  America, 
Kurope,  Asia,  and  Australia.*  According  to  the  Los  Angeles  traces^ 
the  outbreaks  occurred  as  follows : 


First  impulse  (about  s^^  p.  m.).  Second  impulse  (about  7}*  p.  m.). 

n,  fft.  ht  in. 

Declination  trace  14  30,  deflection  west. 

I lorizontal.force  trace    14  35,  increasing  force. 
Vertical- force  trace         14  35,  decreasing  force. 


19  45,  deflection  west. 
19  45,  increasing  force. 
19  5o»  decreasing  force. 


The  character  of  the  disturbances  at  these  epochs  was  the  same,  but 
the  second  one  was  the  more  intense  of  the  two.  I  have  appended  the 
hourly  trace  readmgs  of  the  vertical  force  (corrected  as  well  as  could 
be  done  for  changes  of  temperature  and  reduced  to  100  for  the  mean  of 
the  day)  for  the  four  days,  June  23,  24,  25,  26, 1885. 

The  uncertainty  in  the  measure  of  the  times  for  the  above  two  storms 
I  estimate  at  about  two  minutes. 

•  Natnre,  July  9, 1881,  p.  237. 
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DIFFERENTIAL  MEASURES  OF  THE  VERTICAL  COMPONENT  OF 

Hourly  trace  readings  of  vertical-force  magnetometer  from 

ences  of  temperature  and 

[Tabular  values  within  brackets  are  interpolated,  they  follow  in  general  the  law  of  diurnal  variatioo 

perfection  in  the  monthly  iDeans 

NOVEMBER,  1882. 

[Increasini^  scale  readingi  corretpond  to  increasing  force. 
Local  mean  time.      * 
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95 

93 

94 

95 

94 

92 

91 

9« 

14 

99 

100 

99 

99 

99 

100 

98 

99 

99 

96 

94 

95 

15 

100 

100 

101 

100 

lOI 
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THE  MAGNETIC  INTENSITY  OBSERVED  AT  LOS  ANGELES,  CAL. 

November  1, 1882^  to  Oetober  31  j  18S4.    Corrected  for  differ- 
for  ghift  of  zero  of  scale. 

■iMlaoytlienappttjent  progrressive  ch«ng«;  they  were  introdiiced  in  order  to  prevent  any  abrupt  Im- 
no  further  use  n  to  be  made  of  them.] 

NOVEMBER,  i883. 
Value  of  i  division  of  Steele  'ooo  171  in  parts  of  V.] 

Local  mean  time. 
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969 
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92 
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107 
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no 

no 

no 

no 

in 

n2 

in 
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987 
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99-8 

99-8 
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+  '•5 
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+2' I 
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+  I-8 

U.   S.   COAST   AND   GEODETIC   SURVEY. 


DECEMBER,  1882. 


[Increasing  scale  readings  correspond  to  increasing  force. 
Local  mean  time. 


ns 

Tial  va- 
ition 


3*        4^ 


8b 


lo^  tt^     Nooa. 


100  100  loi  loi   102   loi  102   102  lOI 

102  102  102  loi   lot   loi  loi   loi  100 

99    99    99   100    99     99     99    100  100 

loi  [102] [102] [103]  [103]  [104]  [104]  [105]  [106] 

III       III  iio      no       109 


112   112   112   112 


109  109  •  108  108  108  107 

loi  100  100  lOI  lOI  lOI 

loi  100  100  100  loi  100 

100  100  100  100  100  100 

loi  102  lOI  lOI  lOI  lOI 

99  99  99  i<^  '<^  99 

99  99  99  98  98  9^ 

loi  loi  loi  loi  100  99 

100  100  99  99  99  99 

loi  102  102  102  loi  100 

102  lOI  lOI  lOI  lOI  lOI 

109  108  108  107  108  107 

103  103  103  102  102  102 

100  100  100  100  lOI  lOI 
99  99  99  99  99  ««> 

102  100  100  100  loi  102 
loi  102  102  102  102  103 

103  103  104  103  103  103 

99  99  99  99  99  99 

99  100  100  100  100  100 

loi  loi  loi  loi  102  Z03 

99  99  99  99  99  9^ 

98  99  99  99  99  C99l 

100  100  100  100  too  99 

101  102  102  102  102  102 

100  loi  loi  100  lOI  lOI 


107 
lOI 
lOI 

99 

lOI 

100 

98 

99 

98 

100 

lOI 

106 
102 

lOI 

99 

103 
102 
104 

99 

lOI 

102 
98 

[98] 

99 
101 


107 
100 
100 

99 
100 

100 

98 

99 

99 
100 

102 
106 

«03 
loi 

100 

103 
103 
104 

99 

lOI 

103 

99 

[98] 
99 

lOI 


100      too 


106 
100 
100 

99 
100 

99 
98 
-  99 
99 
99 

loi 
105 
102 
100 

99 

103 

103 
103 

9« 
100 

102 

98 

C98J 

99 

XOf 

100 


100 

96 

99 
106 

103 

96 
96 

99 
98 

97 

98 

98 
98 

97 
96 

X02 

99 
96 
98 
97 


X02 

95 
95 
98 

97 
94 
98 

97 
99 


98 

93 

96 

104 

101 

95 
95 
99 
98 
95 

97 
97 
96 
95 
94 

too 
98 

95 
96 
95 

98 

lOI 

93 

93 
96 

96 

93 
96 
96 

98 


98 
92 

95 
103 

99 

94 
9S 
95 
97 
95 

9$ 
97 
95 
93 
93 

99 
97 
95 
95 
95 

98 
100 

93 
93 
96 

95 
93 
95 
95 
97 


98         96       96 


101-4 IOI-4  101-4 101-3  101-4    101-3    *oi'2    IOI-4    100-9      98-1      96-5     95-7 
-|-20-f20-f20+I-9+20    4-1-9    -fl-8    +2-0    -f-i-5    _,.3     _2.j^    __^.j 


KEPO 


aiC'iok/oooiisin 


.<  ■* 

'1 


tS> 


17* 


<'  «    9S    too 

*  ?j  96   9; 

»    97     98 
|i  a  107    IIO 

P  ^  107    110 

*  Ti     99    lOl 

I'*  «    95    97 
1^  »    96    97 

'  5  98  99 
M    96    97 

*  H  94  9S 
^  «  96  9^^ 
•i  ^    98     ^ 

i  «  97  qJ 
M  100     9( 

'■;    ^     105       10; 

'^  ?9   100    10 

'  ?•    97     9 

Mj    %     ' 

r    ^    ^ 
Ti   loo    100 

^     %     % 
^    H    9$ 


96 
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■  1  division  of  scali 


DECEMBER,  1882. 

xSs  in  parts  of  V.] 

Local  mean  time. 


I*          rs* 

X6*                          X7>» 

x8k 

19^ 

3<> 

at^ 

aa* 

«3^ 

Mid- 
night. 

Daily 
means. 

d. 

]          99 

98             X 

00 

lOI 

lOI 

lOI 

102 

102 

102 

102 

Ioo*4 

95 

9^ 

97 

97 

98 

99 

99 

99 

98 

99 

98-1 

96 

97 

9» 

99 

99 

100 

100 

99 

99 

100 

984 

106 

MOT"             m 

10 

no 

III 

III 

III 

III 

III 

in 

[1063] 

105 

mo7             m 

10 

no 

no 

III 

III 

III 

no 

109 

1083 

97 

99             moi 

XOI 

102 

101 

lOI 

lOI 

100 

100 

101-9 

95 

9S 

97 

98 

100 

100 

100 

99 

100 

101 

98-5 

96 

9^ 

97 

98 

98 

99 

99 

99 

100 

100 

987 

97 

98 

99 

99 

99 

100 

100 

100 

100 

100 

990 

95 

9^ 

97 

97 

98 

98 

99 

99 

99 

99 

98-4 

95 

9-4- 

95 

95 

96 

96 

97 

97 

97 

98 

97-3 

9^ 

9^ 

98 

98 

99 

99 

99 

99 

100 

100 

980 

9^ 

98 

^l 

99 

99 

100 

xoo 

100 

100 

lOI 

98-7 

96 

97 

98 

99 

99 

100 

101 

lOI 

lOI 

lOI 

983 

9^ 

moo 

99 

100 

101 

102 

102 

'03 

103 

104 

99*5 

2        103 

»o5 

mo5 

106 

106 

106 

106 

106 

107 

107 

1030 

>8          99 
?S          97 
94          9^ 
93          93 

moo 

moi 

102 

lOI 

lOI 

-   102 

102 

102 

103 

102*7 

97 

99 

99 

99 

98 

99 

102 

99 

99 

99*4 

97 
95 

96 

99 
100 

99 

lOI 

99 

lOI 

99 
102 

99 

lOI 

99 
102 

99 

lOI 

98-6 
983 

91          9»             97 
09       ^oc>          moo 
93         93             94 
►      93         9a             9-J 

*     V        9^             95 

98 

99 

99 

too 

lOI 

100 

lOI 

lOI 

loo-o 

lOI 

94 

lOI 

96 

101 
96 

102 

97 

102 
97 

102 

98 

102 
98 

103 
98 

IOI-4 

983 

94 
94 

95 
96 

96 
96 

96 
97 

97 
98 

98 
99 

98 
99 

98 
99 

964 

97-8 

96     9^ 

9a            95 
92             94- 
96             97 
94.             94^ 
96             96 

95 

94 

95 

95 

96 

97 

97 

97 

97-6 

94 

94 

95 

96 

97 

97 

98 

97 

96-1 

97 
95 

97 
97 

97 
96 

97 
98 

97 
98 

98 
100 

98 
99 

99 
100 

[975] 
977 

97 

98 

98 

100 

100 

100 

100 

100 

994 

95     96 

96             96 

97 

98 

98 

98 

99 

98 

98 

99 

984 

95'3  9S7 

965        97-4 

984 

991 

995 

99.9 

100-4 

100-5 

ioo*5 

IOO-8 

99*4 

-A'l  -37 

a-9     — 20 

— I'O 

— o*3 

-fo-i 

+05 

-f  i*o 

-f-i-i 

+11 

+  1-4 
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U.   8.   COAST   AND    GEODETIC    SURVEY. 


JANUARY,  1883. 

[Increasins^  scale  readings  correspond  to  increasin|r  force. 
Local  mean  time. 


Day  of 

month. 

Ik 

2^ 

3^ 

4*' 

5* 

6* 

7* 

8* 

9' 

■0^ 

11^ 

Nooo. 

I 

98 

98 

98 

98 

97 

97 

97 

97 

97 

99 

98 

96 

2 

lOI 

102 

102 

102 

102 

102 

102 

102 

102 

lOI 

100 

99 

3 

loi 

100 

lOI 

lOI 

102 

102 

102 

102 

102 

100 

98 

96 

4 

lOI 

toi 

lOI 

102 

104 

102 

102 

103 

'03 

lOI 

100 

98 

5 

103 

103 

103 

103 

103 

103 

103 

104 

104 

100 

08 

97 

6 

103 

103 

102 

102 

102 

102 

102 

102 

102 

100 

99 

97 

7 

102 

lOI 

lOI 

lOI 

102 

lOI 

102 

102 

'03 

100 

97 

97 

8 

99 

99 

99 

99 

99 

lot 

101 

101 

too 

99 

98 

98 

9 

»03 

102 

102 

102 

102 

102 

103 

103 

103 

lOI 

99 

98 

10 

102 

lOI 

lOI 

lOI 

lOI 

102 

102 

lOI 

tot 

97 

95 

95 

II 

99 

99 

99 

99 

99 

too 

1 01 

lot 

100  . 

.  96 

94 

93 

12 

99 

99 

99 

99 

99 

99 

99 

100 

98 

96 

95 

95 

«3 

100 

99 

99 

99 

99 

99 

99 

98 

98 

96 

95 

94' 

14 

100 

lOI 

lOI 

101 

lOI 

101 

102 

102 

102 

97 

95 

94 

15 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

97 

96 

16 

[I03][I04][I04]  [104]  [107]  [105]  [106]  [105] 

105 

105 

102 

lOI 

17 

102 

lOI 

102 

lOI 

102 

102 

103 

102 

102 

103 

100 

97 

18 

105 

104 

104 

104  . 

.  104 

los 

105 

106 

105 

103 

100 

99 

19 

104 

104 

104 

104 

104 

104 

104 

105 

105 

106 

103 

102 

20 

108 

109 

109 

109 

109 

lio 

III 

III 

"3 

[III] 

no 

105 

1 

1    21 

107 

106 

106 

107 

107 

105 

106 

106 

106 

lOI 

98 

97 

22 

99 

99 

98 

99 

98 

99 

98 

98 

98 

97 

95 

94 

23 

104 

104 

104 

103 

103 

103 

103 

103 

104 

104 

102 

102 

24 

[iio][iio][io9][io7]  [107]  [107]  [107]  [107]  [107] 

106 

«03 

104 

25 

107 

too 

107 

104 

105 

104 

105 

105 

105 

102 

99 

98 

26 

104 

104 

105 

"03 

'03 

102 

102 

lOI 

102 

97 

95 

95 

27 

100 

100 

100 

99 

98 

98 

98 

98 

q8 

95 

92 

9' 

28 

97 

96 

96 

96 

96 

96 

96 

96 

95 

100 

100 

98 

29 

103 

102 

102 

102 

102 

101 

102 

lOI 

lOI 

lOI 

100 

99 

30 

103 

103 

103 

103 

103 

102 

102 

lOI 

102 

lOI 

100 

98 

31 

[103] [102] [102] [loi]  [loi]  [loi]  [loi]  [100]  [100] 

101 

100 

99 

Means 

I02'2  I02-0  102-0  lOI* 7 

101-9 

IOI-8 

I02-I 

I02'0 

102*0 

ioo*5 

98*6 

975 

Diurnal  va- 

^ m      ^ 

riation 

+  1-6 

+  i-4-fr4-hii 

+  1-3 

-f-I-2 

4-1-5 

+  1-4 

-f-»-4 

— o-i 

— 2-0 

—31 
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JANUARY,  1883. 


rihie  of  J  div 

ision  of 

scale  'ex 

>o  159  in  parts  of  V.] 

1 

Local  mean  time. 

13*      ,4* 

»5^ 

»6* 

17* 

i8* 

,9^ 

ao> 

«|k 

aa"* 

»3^ 

Mid- 
night. 

Daily 
means. 

•. 

d. 

97     98 

99 

99 

100 

100 

100 

lOI 

100 

100 

101 

100 

985 

99     99 

100 

xoo 

101 

lOI 

100 

101 

101 

101 

lOI 

101 

100-9 

96     96 

97 

9S 

99 

100 

100 

100 

100 

100 

lOI 

fOI 

99-8 

98     99 

100 

99 

99 

99 

100 

100 

ICO 

102 

102 

102 

IOO-8 

96     95 

96 

9^ 

96 

97 

98 

99 

99 

100 

•lOI 

lOI 

999 

96     96 

97 

9^ 

96 

97 

98 

98 

98 

98 

98 

100 

99*3 

97     97 

97 

97 

97 

97 

97 

97 

98 

99 

99 

98 

99-1 

97     97 

98 

97 

98 

9? 

99 

99 

100 

100 

lOI 

lOI 

99*1 

98    98 

98 

99 

98 

98 

99 

99 

100 

102 

102 

103 

IOO-6 

95     95  . 

96 

9^ 

96 

96 

96 

96 

97 

98 

98 

9« 

98*2 

94    95 

90 

96 

97 

97 

97 

96 

97 

97 

97 

98 

97*1 

96    97 

97 

^f 

99 

^l 

99 

98 

98 

98 

98 

99 

980 

95     96 

98 

98 

99 

98 

98 

97 

97  - 

98 

98 

99 

97*8 

95     95 

9a 

97 

97 

98 

98 

97 

97 

99 

97 

97 

983 

97    98 

99 

99 

99 

[loi]  [loi]  [102]  [102] 

[103]  [101]  [102] 

[99-5]  1 

lOI     lOI 

101 

100 

99 

100 

100 

100 

lOI 

lOI 

102 

XOI 

[I02-4] 

98    99 

99 

XOI 

lOI 

lOI 

lOI 

lOI 

101 

lOI 

103 

103 

lori 

100   100 

lOl 

V02 

102 

102 

102 

102 

«03 

>o3 

104 

104 

102-9 

103   103 

10^ 

104 

103 

104 

104 

104 

105 

106 

106 

107 

1043 

104   102 

lOI 

102 

103 

104 

104 

104 

105 

105 

105 

106 

106-7 

97     97 

^8 

p8 

98 

99 

99 

99 

99 

99 

99 

99 

iox'4 

94     94 

95 

96 

98 

99 

lOO 

lOI 

1 01 

102 

103 

104 

9«-3 

102    103 

io4> 

105 

107 

107 

107 

107 

no 

no 

[no]  [no] 

[1050] 
[106-4] 

104    104 

105 

105 

105 

105 

107 

107 

107 

107 

107 

106 

98    100 

102 

ro2 

103 

»03 

103 

X03 

103 

102 

104 

104 

103*1 

96   98 
92   92 

98    100 

9S 
94 

98 

98 

99 

98 

98 

99 

100 

100 

100 

99-8 

95 

95 

95 

96 

96 

96 

96 

96 

97 

961 

lOl 

102 

102 

103 

103 

»03 

103 

103 

103 

>03 

994 

97  99 

98  100 

too 

1 01 

103 

103 

103 

103 

103 

'03 

103 

102 

101-5 

100 

100 

lOI 

lOI 

102 

102 

104 

104 

104 

[to3] 

[IOI-7] 

99   100 

too 

102 

103 

102 

104 

104 

X05 

104 

104 

104 

[IOI-8] 

97'6  98-2 

9»*7 

99;3 

997 

100*0 

100*4 

100-5 

100-9 

101-3 

101-5 

101-7 

IOO-6 

--30  -2-4 

— 1-9 

— 13 

— 0'9 

— 0-6 

— 0'2 

— o-i 

+03 

+0-7 

4-0-9 

+  11 
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U.   8.   COAST  AND  GEODETIC   SURVEY. 


FEBRUARY,  1883. 

[Increasing  scale  resdings  correspond  to  incTea:ane  force. 
Local  mean  time. 


I 

2 

3 
4 
5 

6 

7 
8 

9 
10 

II 
12 

>3 
H 
IS 

16 

17 
18 

19 
20 

21 
22 

23 

24 
25 

26 

27 
28 


Means 
Diurnal  va- 
riation 


103  103  104  103 

loi  101  lOI  lOI 

100  99  100  100 

98  99  100  99 

105  105  105  105 

no  no  109  III 

103  103  102  102 


95  94 

99  99 

100  100 

100  lOI 

101  lOI 

102  102 

103  103 
100  101 


100 

96 

100 

96 
92 


94 
99 
99 


99 
96 

99 
95 
92 


99 
95 
99 

95 
91 


95 

99 
98 


100  100 

100  100 

103  102 

103  103 

100  100 


100  100  99  99 

99  «oo  99  99 

97  97  96  95 

100  loi  loi  99 

104  100  loi  lOI 


97 
95 
98 
94 
91 


102  I02  lOI  lOI 
106  105  104  104 
102   107   106   105 


103 
100 
100 
100 
106 

III 
lOI 

93 

98 

99 

100 
100 
102 

103 

lOI 

100 

99 
95 
99 

lOI 

98 

95 
98 

94 
90 

100 
104 
104 


103 
100 

99 
100 

106 

III 

104 

94 
98 

98 

100 
100 
102 

103 
102 

100 

100 

96 

99 
100 

98 

95 

98 

95 
91 

lOI 

103 
104 


102 

lOI 
lOl 
lOI 

107 

"3 

104 

95 
99 
99 

lOI 
lOI 

»03 

104 

102 

100 

99 
95 
99 
99 

99 
94 
98 

95 
91 

too 
104 
104 


lOI 
lOI 

102 
102 
108 


lOI 

100 
100 
102 
107 


97 

97 
97 

lOI 

107 


98 
96 

98 
102 
108 


97 
97 
98 
102 

108 


112 

III 

IC2 

102 

lOI 

105 

104 

93 

9< 

89 

95 

94 

95 

94 

94 

100 

99 

98 

97 

97 

100 

100 

too 

98 

97 

lOI 

99 

96 

95 

95 

102 

lOI 

100 

9» 

9» 

103 

102 

100 

9« 

98 

104 

103 

99 

98 

97 

lOI 

100 

98 

98 

97 

100 

100 

100 

99 

99 

98 

94 

93 

92 

90 

96 

95 

93 

91 

90 

100 

lOI 

101 

lOl 

loi 

99 

100 

lOI 

99 

99 

99 

99 

97 

96 

95 

94 

94 

97 

96 

95 

99 

97 

95 

9S 

94 

94 

94 

9» 

89 

88 

92 

91 

98 

97 

98 

99 

98 

97 

98 

98 

103 

iOI 

102 

9« 

ri 

104 

104 

105 

104 

105 

IOO-5  I0O-5  IOO-2   999  998    1000    IOO-4    100-5       99.7      98-2     ^y^    97-0 
+o-8-fo-9+o-5-fo-3-foi    -fo-4   +07    -fo-9        o-o    —1.4   _,.,  ^^h 
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Vtlue  of  I  dlvisioii  of  ac^e 


FEBRUARY,  1883. 

153  in  parts  of  V.] 

Locml  mean  time. 


ij* 


15' 


95     9^     100 


97    97 

97  97 

102  102 

108  -107 

99  100 

«9  «9 

94  96 
97  96 

97  98 

95  96 

98  100 

99  100 
97  97 

97  98 

98  98 
89  89 
89  80 

100  101 

98  99 

95  95 

96  96 
94  96 
87  88 

98  98 


97 

95 
103 

108 

loi 

91 
96 

98 

99 
98 

lOI 

100 
98 
99 

99 

92 

92 

102 

99 

96 
96 
97 
93 
99 


99  100  lOl 
99  loi  102 
106  107     109 


j6» 


»7* 


18*  ig^         ao^         ai' 


nF 


•3* 


101 

gS 

96 

104 

109 

100 
9' 

9» 
99 

98 

102 
lom 


10  Y 


X 
X 


98 

92 
100 

103 
102 

109 


101 
100 

97 
104 

no 

103 

93 
97 
99 
99 

ICX) 

102 
104 
100 
100 

100 

97 

99 
102 

too 

96 
100 

97 
92 

lOI 

104 
107 
no 


100 
100 

97 
no 

102 

93 
98 

99 
100 

lOI 

102 
104 
100 

99 

lOI 

97 
100 

103 

lOI 

96 
102 

97 

90 

102 

104 
106 
109 


100 
100 

97 
105 

no 

102 

93 

99 

99 
98 

loi 
102 
104 
100 
100 

99 

95 
loi 

103 

lOI 

97 
102 

97 

93 
102 

105 
107 
109 


lOI 

101 

97 
los 

III 

102 

94 

99 
100 

100 

101 
102 
104 
102 
100 

100 

98 
loi 

103 

lOI 

98 

102 

98 

94 
102 

105 
107 
109 


101 
100 

97 
104 

112 

102 

95 

99 
100 

98 

100 
104 
104 
10 1 
100 

99 

97 

100 

103 

lOI 

97 
100 

97 

95 
100 

105 
106 
no 


lOI 
lOI 

98 
106 
112 

103 

95 

99 
100 

99 

100 
103 
104 

lOI 
lOI 

99 
96 

100 

103 
1 01 

97 

lOI 

98 

95 
103 

los 
109 
no 


Mid. 
night. 


lOI 

98 

99 
105 

III 

103 

95 
99 

lOI 

100 

lOI 

103 
103 
100 

lOI 

98 
96 

99 
103 

lOI 

97 

99 
98 

93 
104 

105 
107 
no 


968  971  986   9»-9   99-8  IOO-5  1006  IOO-8  101-3 
-2-9-2S  -i-i  — ^7  '^^'^   "^^^  "^^'^  +''^  "*"*"^ 


loi'O  101*4  lOl'I 

-I-I-4  -f  17  +1*5 


Daily 
means. 


ioo'6 

99*3 
98-2 

I02'3 

I08I 

105*1 

963 

95*9 
987 
990 

991 
101*0 
1020 
ioo*8 

99-8 

994 
95*6 

95*3 

IOI-2 
100*2 

971 

97*1 
97*2 
92*7 
96*8 

101*5 

1037 
106*7 
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Day  of 
month. 


I 

2 

3 

4 
5 

6 

7 
8 

9 
lo 

ti 

12 

13 
14 
15 

i6 

17 
i8 

19 

20 

21 
22 

23 
24 
25 

26 

27 
28 

29 
30 

3> 


MARCH,  1883. 

(Increasing  scale  readingt  correspond  to  increaaoR  (ofce. 
Local  mean  time. 


6* 


1 10  109 

108  108 

110  1 10 

108  109 

107  107 

107  107 

104  104 

96  96 

104  104 

101  lOI 

102  lOI 

95  95 

95  95 

93  92 

95  95 

96  96 

98  9« 

98  98 

98  98 

97  97 


Means 
Diurnal  va- 
nation 


109  108 

108  109 
III  III 

109  no 
107  106 

107  107 

103  103 

95  95 

103  103 

lOO  lOI 

loi  100 

95  95 

96  95 

93  93 

96  96 


96 
97 
97 
98 

97 


96 

9« 
97 
98 

97 


100  100  100  100 

99  99  99  98 

lOI  lOI  lOI  lOI 

99  98  97  96 

98  98  97  96 

102  loi  102  100 

102  103  102  lOI 

104  104  104  104 
108  108  107  107 

105  105  105  105 


108 

109 
III 
III 
106 

107 

103 

95 

103 
100 

lOI 

95 
94 
92 
96 

96 

97 
97 
9« 
97 

lOI 

9« 
102 

96 
96 

99 

lOI 

104 
106 
105 


108 
no 
III 
III 

106 

107 
104 

95 
104 

lOI 

lot 

95 
94 
94 
97 

96 

9» 
97 
99 
98 

lOI 

99 
102 

97 
96 

99 

lOI 

104 
106 
105 


107 
no 
III 
III 

107 

107 

104 

96 

IOI4 
102 

lOI 

95 
95 
94 
98 

97 
9« 
9S 

99 
99 

loi 

99 
102 

9« 
97 

99 

lOI 

104 
107 
105 


8^ 


108 

no 

IfO 

III 
107 

107 

104 

95 
103 

lOI 
lOI 

95 
95 
94 
98 

97 
9« 
9S 

99 
100 

loi 
99 

98 
97 

99 
102 

'03 
106 

105 


<>* 


107 
no 
109 

110 

107 


105 

102 

94 
101 

99 

too 
94 
94 
94 
97 


i(^      tt^     Noon. 


107  10$  107 

108  108  107 

106  [106]  [106] 

107  104  103 
106  105  105 

102  101  100 

94 


92 
99 
96 

93 
93 
93 
94 
94 


92  92 

91  90 

98  98 

96  96 


9< 
91 
93 


90 
9» 
93 


94      94 
92      91 


96 

96 

95 

94 

97 

98 

96 

95 

97 

96 

95 

?J 

99 

97 

96 

96 

99 

97 

95 

94 

xoo 

95 

9« 

91 

98 

9« 

97 

97 

102 

93 

92 

92 

97 

96 

95 

94 

97 

94 

92 

92 

99 

98 

97 

96 

lOI 

too 

lOI 

101 

'03 

'03 

102 

102 

105 

106 

104 

wj 

105 

'03 

102 

[lOiJ 

105     105     105     104      103      103       103        ,03        ,02        101      lOI     lOl 


101-5 10I-4IOI-2 1010    IOO-9    iei-3    ioi-6    101-5     ioo-6    gS'S     974     97*0 
-fio-f-io-fo7+o-6   -fo-4   -fo-9   -fii     f-j.,     -f-o,  ^1-9   —ji    -34 
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Vatae  of  i  dhbitm  of 


i€»      I'jB    "rci 

lie        4CT 

r       107      lat 


105 
102 

icn 

9* 

97 

9^ 
97 
97 

99 
99 

100 

9* 
102 

97 
97 

99 

lOi 

W3 

105 


10]  i: 


I03       IQI 


!••  rt«._ 


^-0-1-1-9- 


MARCH,  1883. 

'000  147  in  puts  of  v.] 

LocftI  mean  time. 


ij'     H^        15' 


17- 


i8»         19* 


a«*       aa*         aj* 


no 

III 


109   109     no        110         110 

107    109       no  III  1,1 

[io6J[io6J  [J07J  [loSJ  fio9]  rii"o] 

lOj   105     107  xoS  109      no 

105   10$     107  107  107      108 


102   104 

92    93 

91     93 

9«    9« 
96     96 

91  92 

92  93 

93  94 

94  95 
91  9« 

94     95 

94  95 

95  96 

97    9« 

95  96 

9'  93 

97  9« 

93  94 

94  95 
P  93 

96  99 

99   io» 
102    103 

102   103 

[103]  103 


104 

94 

95 
100 

99 

94 

94 

95 
96 

94 

96 
96 
97 
99 
97 

94 
roo 

95 
96 
94 

98 
103 

IDS 
104 
105 


100 
95 


104 

95 

«04 

SOI 


9S 
9<S 


q6 
97 


97 


97 
9» 


^7 

xox 
xo4> 


10^ 
i< 


loi   101      103 


105 

K04 


IQ4 

95 
103 

lOI 
lOI 

96 

95 

95 
96 

9« 

99 
100 

98 

lOI 

100 
100 

lOI 

98 

100 
99 

102 
104 
106 
105 
105 


no 
in 
no 
no 
107 

104 

95 
103 

lOI 

100 

97 
96 

95 
97 
98 

99 
100 

9« 

lOI 

100 
100 

lOI 

99 
100 

100 

102 
104 
107 
los 
106 


109 
no 
109 
109 
107 

104 

95 
103 

lOI 

100 

97 

95 

94 
96 

9« 

99 
100 

98 

lOI 

too 

100 

102 
100 
100 

99 

102 
103 
106 
106 
106 


109 
no 
108 
109 
107 

104 

95 
105 

102 

100 

96 
94 
94 
96 
97 

98 

99 
98 

100 
99 

100 
102 
100 
100 
100 

103 
103 
107 
105 
105 


109 
no 
108 
108 
107 

104 

95 

103 

lOI 

100 

96 

93 
93 
94 
97 

98 
99 
97 
99 
99 

100 

lOI 

100 
100 
100 

103 
103 
(06 
104 
105 


109 
no 
107 
108 
106 

104 

95 
104 

101 

100 

95 
93 
94 
94 
97 

97 
98 

97 
98 

98 

101 
100 
100 

99 

lOI 

103 
103 
106 
104 
105 


104   105   105   105   105   105 


97*3  983  99'6  100-5   101-4' IOI-8  I02-0  1017  1016  101-2  loi-o  100-9 
-.3.2-21  -0-9  ^-o-»   +0^9  +«-4  +IS-+I-3  +«•*  +0-8  +0-5  +0-5 


i 
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U.  8.  COAST  AND  GBODETIC  SUBYET. 


APRIL,  1883. 

[Increasing  scale  readings  coxreapoad  to  increa^g  foiea. 

Local 

mean  time. 

Day  of 
month. 

I* 

«k 

3' 

4* 

5* 

^ 

7* 

8^ 

^ 

x^ 

11*   Noon. 

I 

105 

105 

los 

105 

104 

104 

104 

104 

103 

lOI 

99       98 

2 

lOI 

100 

lOI 

102 

102 

X02 

103 

»03 

lOI 

98 

98       98 

3 

106 

106 

106 

106 

103 

103 

102 

102 

101 

103 

103     103 
98      98 

4 

107 

107 

107 

107 

107 

107 

107 

107 

105 

107 

5 

102 

102 

lOI 

lOI 

102 

103 

104 

103 

102 

97 

96      96 

6 

H 

97 

96 

96 

96 

96 

98 

98 

97 

94 

93      94 

7 

98 

97 

97 

96 

96 

97 

97 

98 

98 

97 

97      97 

8 

104 

104 

103 

102 

103 

103 

104 

los 

104 

102 

100      99 

9 

104 

104 

104 

104 

104 

104 

105 

»io6 

105 

102 

loi     100 

lO 

103 

102 

102 

102 

102 

X03 

«03 

104 

103 

lOI 

100     100 

II 

102 

103 

102 

102 

»03 

103 

103 

»03 

lOI 

too 

too      99 

12 

104 

104 

104 

104 

105 

106 

106 

107 

106 

104 

104     104 

13 

lOI 

lOI 

100 

lOI 

102 

103 

104 

103 

88 

84 
89 

90 

83      84 
88      8S 

H 

88 

88 

88 

88 

89 

89 

90 

90 

90 

15 

92 

92 

91 

91 

92 

92 

92 

92 

91 

89      90 

i6 

98 

96 

97 

97 

97 

98 

98 

98 

98 

98 

97 

99 

99 

>03 

97      97 

17 

97 

97 

97 

97 

98 

98 

100 

100 

97 

96      95 
99      9^ 

i8 

100 

99 

99 

100 

lOI 

lOI 

103 

104 

^  9 

103 

19 

103 

102 

t02 

102 

103 

«o3 

104 

»03 

102 

77      * 

99      99 

102     102 

20 

104 

103 

103 

103 

104 

104 

106 

105 

106 

21 

102 

102 

102 

102 

X02 

102 

102 

102 

lOI 

99 

lOI 

98      98 
100     100 

22 

101 

103 

lOI 

lOI 

XOI 

102 

102 

»03 

lOI 

23 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

"03 

103 

102 

lOI 

100     100 

24 

105 

105 

105 

104 

105 

104 

104 

"03 

lOI 

98 

lOI 

96      96 
lOI      lol 

25 

104 

102 

102 

102 

102 

103 

104 

104 

IQ4 

26 

100 

99 

99 

99 

99 

99 

99 

99 

98 
96 

94 

96 

103 

#^^9 

94  95 

95  96 
93      94 
98      99 

too      100 

27 

96 

97 

97 

96 

96 

97 

96 

97 

93 

28 
29 

95 
97 

96 
97 

96 
97 

97 
97 

96 

97 

96 
97 

96 
97 

95 
97 

94 
93 

99 
101 

30 

103 

104 

104 

104 

104 

104 

»oS 

104 
1 01 -4 

Means 
Diurnal  va- 

lOOrJ 

100-5 

100-3  ^00*3 

100-5 

100*8 

101-4 

99*9 

98-2 

97*2  9TA 

riation 

-f-o-6 

+0-5  +0-2  -I-0-3 

+0-4 

+0-8 

+'•3 

+1-4    . 

^2    - 

-1-8  - 

•2*9  ^2*w 
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APRIL,  1883. 


Vain*  of  I  diTWoB  of  scale,  '000141  in  puts  of  V.] 

Local  meao  time. 


»3* 

T4* 

«5* 

i6k 

*«7* 

18^ 

«9^ 

M^ 

91^ 

«|k 

»3^ 

Mid- 
night 

DaUy 
means. 

^ 

98 

lOI 

1 02 

103 

104 

104 

103 

to3 

102 

lOX 

100 

102*3 

98 

100 

lOI 

102 

103 

104 

106 

105 

105 

104 

X04 

X04 

XOI '9 

103 

102 

105 

106 

108 

109 

109 

108 

108 

108 

109 

109 

105-3 

99 

99 

100 

102 

104 

104 

104 

103 

»o3 

X02 

102 

X02 

103*7 

97 

97 

99 

lOI 

102 

lOI 

100 

100 

100 

99 

99 

97 

100*0 

95 

97 

98 

99 

99 

100 

100 

99 

99 

99 

98 

98 

97*2 

98 

98 

99 

100 

lOI 

104 

los 

104 

103 

103 

X02 

X02 

993 

99 

lOI 

102 

102 

104 

104 

los 

104 

104 

104 

X04 

X04 

102*9 

lOI 

101 

103 

104 

105 

104 

104 

103 

103 

103 

102 

X02 

103-3 

lOI 

lOI 

102 

103 

103 

105 

105 

104 

104 

103 

103 

X02 

X02*5 

lOI 

lOI 

102 

103 

104 

103 

103 

102 

W3 

103 

103 

102 

X02*X 

104 

»03 

104 

104 

»03 

102 

lOI 

xoo 

100 

100 

xoo 

100 

103*3 

86 

86 

86 

88 

90 

90 

89 

89 

89 

89 

89 

89 

923 

88 

88 

89 

90 

92 

92 

92 

92 

92 

92 

91 

91 

898 

«9 

90 

92 

94 

95 

97 

97 

97 

96 

96 

97 

97 

930 

^ 

98 

99 

99 

99 

100 

XOI 

100 

100 

99 

98 

98 

983 

98 

100 

lOI 

102 

«03 

103 

102 

102 

lOI 

100 

xoo 

99 

99*3 

98 

99 

lOI 

102 

104 

los 

105 

103 

104 

lOI 

lOX 

103 

10x3 

99 

99 

lOI 

lOI 

103 

103 

103 

104 

104 

103 

103 

103 

X02*0 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

XOI 

102 

X02 

102 

102 

102*6 

97 

97 

98 

100 

100 

lOI 

102 

102 

lOI 

XOI 

xox 

XOX 

100*5 

100 

100 

100 

102 

103 

103 

102 

102 

102 

X02 

XOI 

lOX 

1 01  4 

100 

ICJO 

lOI 

102 

103 

103 

103 

103 

103 

103 

104 

104 

101*9 

95 

95 

98 

99 

X02 

104 

los 

104 

104 

105 

X04 

X04 

1019 

101 

101 

100 

102 

lOI 

lOI 

lOl 

100 

100 

100 

98 

98 

101*4 

95 

95 

H 

97 

97 

97 

97 

96 

96 

96 

95 

95 

969 

97 

97 

98 

97 

97 

96 

96 

96 

95 

95 

95 

95 

96- 1 

95 

95 

95 

95 

96 

97 

97 

96 

96 

96 

95 

95 

95*4 

100 

lOI 

102 

103 

104 

105 

105 

104 

103 

103 

103 

103 

XOO*2 

lOI 

102 

103 

105 

105 

107 

107 

106 

los 

105 

105 

104 

103-8 

977 

983 

99*3 

100-3 

loi-i 

101 '6 

1017 

lOI'I 

ioo"9 

ioo'6 

100-3 

xoo*  I 

lOO'I 

—2-4 

-17 

-0-8 

+0'3 

+I'0 

+1-6 

+1-6 

+I-I 

+0-8 

+0-6 

+o-a 

+0-I 
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I 

2 

3 

4 

5 

6 

7 
8 

9 

10 

II 

12 

13 
H 

«5 

i6 

17 
i8 

19 

20 

21 
22 

23 
24 
25 

26 

27 
28 

29 

30 
31 


MAY,  1883. 

[IncreaabiK  aoaitt 
Local  me«n  time. 


readkncs  convipooi 


\jbVbibi^^ 


/ 


106  105  106  105 

102  loi  102  102 

103  103  102  102 
102  102  102  102 

104  104  104  104 


Means 
Diurnal  va- 
riation 


103  103 

105  104 

104  104 
103  103 

106  106 

107  107 
106  106 
102  lOI 
102  102 

95  95 

96  95 
93  92 

93  93 

94  94 
100  too 

105  104 

108  107 

108  107 

106  106 
106  106 

106  106 

105  105 

109  108 

106  106 
98  98 


103  103 

104  103 

104  104 
102  lOI 

106  106 

107  107 

105  105 
102  lOI 
102  102 

94  95 


95 
92 

93 

94 
100 


95 
93 
94 
94 
99 


104  102 

107  106 

106  107 

106  105 

106  106 

106  105 
106 


IS 


108 
107     107 
98      98 


99      99      98      99 


105 

lOI 
lOI 

102 
105 


/ 


6* 


u>        1^' 


104 
lOI 

102 

I02 


105 
lOI 
103 
I02 


106  105  lOl      100 

102  101  9S        qS 

*03  103  101      101 

»03  102  99       99 

106  104.  102      101 


102*6  102*3  I02'3  102*1 
+o*9  -|-o*6  +o*6  +0*4 
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MAY,  1883. 

^4Jbi^  <3f  I  diTisIoii  of  scale,  '000x35  i»  parts  of  V.] 

Local  mean  time. 


*J* 

H^ 

XS* 

t^ 

17* 

x8^ 

i^ 

90» 

• 

«ih 

•^ 

•3* 

Mid- 
night. 

Daily  . 
means. 

jos^ 

m 

103 

104 

104 

105 

105 

104 

104 

• 

104 

102 

102 

103-8 

9^^^ 

99 

Id 

102 

103 

105 

105 

104 

103 

103 

103 

102 

101-4 

10     "fc. 

lOI 

102 

102 

102 

102 

105 

104 

103 

103 

102 

102 

1023 

I^^^CI^te 

102 

102 

102 

102 

103 

104 

104 

103 

103 

103 

103 

102-0 

1^^^=^^ 

102 

»03 

104 

104 

104 

104 

104 

104 

104 

103 

103 

103-6 

ic^.-^ 

lOI 

103 

103 

104 

104 

103 

102 

103 

104 

104 

104 

103*0 

^•==^M 

101 

102 

102 

«03 

104 

104 

103 

103 

104 

103 

103 

103- 1 

^m- 

102 

102 

103 

104 

XO3 

103 

»03 

103 

103 

104 

104 

103-4 

V^3 

103 

105 

IDS 

los 

105 

los 

104 

104 

105 

105 

105 

103-4 

^^2*6 

106 

106 

106 

107 

106 

106 

106 

105 

105 

105 

106 

IP5-5 

^02 

102 

103 

104 

106 

105 

104 

105 

105 

104 

los 

105 

104-8 

102 

102 

102 

102 

102 

102 

102 

X02 

102 

103 

102 

102 

103-2 

100 

101 

lOX 

102 

X02 

102 

lOI 

Id 

lOI 

102 

102 

102 

loro 

94 

94 

95 

96 

97 

97 

96 

96 

96 

96 

96 

96 

979 

94 

94 

94 

95 

95 

95 

95 

95 

96 

96 

96 

94 

^^S 

91 

91 

91 

92 

93 

93 

93 

93 

92 

93 

92 

92 

930 

91 

92 

92 

93 

94 

95 

95 

95 

95 

95 

94 

94 

92-9 

91 

9i 

91 

92 

93 

95 

96 

96 

96 

95 

95 

95 

933 

94 

94 

95 

96 

96 

xoo 

lOI 

-  lOI 

100 

100 

100 

100 

957 

98 

99 

99 

99 

99 

lOI 

103 

105 

106 

107 

X08 

106 

1008 

lOS 

106 

107 

107 

107 

107 

108 

108 

109 

108 

108 

no 

105-7 

105 

105 

105 

106 

106 

107 

107 

107 

105 

106 

106 

107 

io6-o 

103 

105 

106 

107 

106 

107 

107 

106 

106 

107 

106 

X06 

105-8 

102 

103 

104 

los 

106 

106 

106 

107 

106 

106 

106 

107 

104-9 

103 

104 

105 

106 

106 

106 

106 

104 

105 

105 

106 

106 

105-3 

105 

106 

106 

X06 

106 

106 

105 

105 

IP5 

104 

X04 

X06 

105-2 

105 

105 

106 

107 

107 

no 

109 

108 

107 

107 

107 

108 

105-8 

106 

106 

108 

109 

109 

109 

108 

108 

107 

106 

106 

107 

107-4 

9« 

98 

98 

99 

99 

99 

99 

98 

98 

98 

97 

97 

I01-6 

98 

98 

99 

100 

100 

99 

98 

99 

98 

98 

97 

98 

984 

99 

99 

100 

100 

99 

99 

100 

Id 

100 

100 

100 

99 

992 

lOO-I 

1 00-5 

101*2 

ioi'8 

1 02- 1 

I02-3 

1027 

1025 

102*3 

ro2*4 

X02*2 

102*0 

101-7 

1-6 

— 1'2 

-0-5 

-f-o-i 

+0-4 

+0-6 

+  I-0 

+0-8 

+06 

+07 

+0-5 

+0-3 
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U.  8.   COAST  AND   GEODETIC    aUBVET. 


JUNE,  1883. 

[locreasins  scale  readings  coircapond 

tDlna 

Local 

mean  time. 

Day  of 
month. 

i» 

^ 

3* 

4* 

5* 

6^ 

7^ 

8^ 

^ 

«^ 

I 

98 

99 

99 

99 

99 

100 

100 

100 

99 

97 

2 

99 

99 

99 

lOI 

100 

100 

100 

99 

97 

96 

3 

99 

99 

98 

100 

lOI 

lOI 

100 

99 

98 

^« 

4 

99 

99 

99 

99 

99 

100 

102 

100 

lOO 

98 

5 

102 

103 

102 

103 

104 

104 

105 

105 

103 

lOl 

6 

106 

106 

104 

105 

105 

105 

'^i 

105 

104 

103 

7 

107 

107 

107 

107 

107 

107 

108 

107 

106 

lOl 

8 

los 

104 

104 

104 

104 

104 

«o5 

105 

103 

102 

9 

102 

102 

102 

103 

103 

102 

102 

102 

100 

9« 

lO 

102 

102 

102 

103 

103 

103 

»03 

102 

102 

9i 

II 

99 

99 

99 

99 

100 

100 

99 

99 

97 

9^ 

12 

95 

95 

95 

95 

96 

97 

97 

97 

95 

9. 

13 

96 

95 

95 

96 

97 

9« 

98 

97 

97 

9 

•*4 

96 

97 

97 

97 

98 

99 

99 

98 

97 

9< 

IS 

97 

97 

99 

98 

99 

100 

100 

100 

98 

^ 

^ 

i6 

99 

99 

99 

100 

lOI 

101 

102 

lOI 

.99 

9^ 

17 

lOI 

lOI 

lOI 

100 

100 

100 

100 

100 

100 

9< 

i8 

lOI 

lOI 

101 

lOI 

lOI  . 

102 

103 

103 

103 

ICX 

19 

100 

lOI 

100 

lOI 

lOI 

100 

loi 

100 

xoo 

9< 

20 

too 

100 

100 

100 

100 

100 

lOI 

100 

98 

95 

21 

100 

99 

99 

99 

99 

99 

99 

99 

98 

22 

lOI 

100 

100 

100 

100 

lOI 

XOI 

101 

lOI 

23 

100 

99 

98 

98 

98 

98 

98 

97 

96 

24 

99 

99 

99 

99 

99 

98 

99 

99 

97 

< 

25 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

103 

'03 

102 

26 

104 

103 

102 

102 

103 

103 

103 

'03 

102 

27 

104 

104 

102 

102 

102 

lOI 

102 

"03 

102 

28 

104 

104 

104 

104 

103 

104 

106 

105 

104 

29 

105 

103 

104 

104 

104 

104 

104 

'03 

102 

^6 

30 

104 

104 

104 

104 

104 

104 

105 

105 

»03 

3*1 

Means 

IOO-8 

1007 

100-5 

ioo*8 

lOI'O 

101*2 

1017    iof2    la 

"<? 

Diurnal  va- 

My.     ^ 

riation 

4-08  +0-8  +0-5  +09 

+  I-0 

+1-3 

+17    +1-3    +o-f  ^ 

9^ 
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JUNE.  1883. 

Value  ol  I  dHiiloii  of  icale,  *oooxa9  in  puts  of  V.] 

Local  mean  time. 


«3* 

H* 

«5* 

i6» 

.7* 

i8k 

19* 

90» 

«ik 

nk 

^3* 

Mid- 
night. 

Daily 
means. 

d. 

^ 

96 

96 

97 

97 

98 

99 

99 

xoo 

XOO 

98 

98 

98- 1 

97 

-  0 

98 

99 

100 

100 

99 

99 

99 

99 

98 

98 

98 

987 

9S 

98 

98 

98 

98 

99 

100 

xoo 

99 

99 

99 

99 

990 

99 

100 

too 

lOI 

102 

102 

X02 

X02 

102 

X02 

102 

102 

1003 

102 

lOI 

lOI 

102 

103 

103 

103 

103 

103 

104 

X04 

104 

I02'8 

102 

»o3 

104 

106 

106 

106 

107 

XO7 

X07 

106 

X07 

107 

105-0 

104 

104 

106 

105 

105 

«o3 

102 

103 

103 

103 

104 

104*8 

100 

XOI 

lOI 

lOI 

lOI 

lOI 

lOI 

XOO 

99 

xoo 

XOI 

lOI 

I02-0 

100 

100 

99 

lOI 

lOI 

102 

103 

xox 

XOI 

X02 

lOI 

102 

lOI-X 

9& 

98 

98 

98 

98 

99 

98 

98 

98 

98 

98 

98 

997 

95 

95 

95 

95 

95 

95 

96 

96 

96 

96 

95 

95 

96-5 

9i 

95 

95 

95- 

95 

97 

96 

95 

95 

95 

95 

94 

95-1 

94- 
9& 
9i 

95 

96 

96 

96 

96 

97 

97 

97 

97 

96 

97 

96-0 

96 

97 

98 

98 

98 

99 

99 

99 

99 

99 

99 

97-5 

98 

.  98 

98 

99 

99 

99 

98 

98 

98 

99 

99 

984 

9& 
97- 

97' 

98 

99 

100 

100 

xoo 

99 

99 

99 

99 

99 

98-8 

97 

99 

99 

100 

lOI 

102 

X02 

102 

103 

102 

102 

xoo-3 

9r 

98 

99 

100 

lOI 

100 

lOX 

xoo 

xoo 

X02 

lOI 

100 

100-5 

9T 

97 

98 

100 

100 

100 

xoo 

99 

99 

99 

99 

99 

99*5 

9^ 

98 

98 

100 

99 

xoo 

99 

98 

98 

98 

97 

96 

98-8 

9S 

96 

98 

99 

100 

99 

xoo 

99 

xoo 

xoo 

xoo 

lO") 

98-3 

9S 

96 

97 

97 

97 

99 

'99 

99 

99 

99 

99 

99 

98-6 

94 

95 

97 

97 

99 

99 

99 

98 

98 

99 

99 

970 

96 

98 

98 

99 

99 

XOI 

xoo 

99 

99 

100 

lOI 

98-2 

^% 

98 

100 

100 

100 

lOI 

X02 

X02 

102 

102 

X02 

103 

IOO-8 

«Clo 

99 

100 

lOX 

103 

103 

Xd2 

102 

xox 

xox 

xoo 

lOX 

xox-5 

100 

102 

102 

103 

104 

105 

X05 

X04 

104 

103 

«03 

loi-S 

1  .M«. 

103 

102 

^03 

103 

103 

«o3 

.  103 

102 

X02 

102 

102 

103- 1 

lot 

100 

102 

^03 

104 

104 

105 

104 

102 

103 

«03 

102 

X030 

lOi 

lOI 

102 

X02 

104 

106 

X05 

X05 

X05 

104 

105 

105 

1037 

98-2 

98-3 

990 

997 

100*2 

100-6 

IOO-8 

xoo*4 

XOO-2 

xoo'3 

XOO-2 

xoo'3 

xoo-o 

-I-8 

-1-6- 

— I'O 

— 0»2 

+0*2 

+07 

-I-0-8 

+0-5 

-f-O'2 

4-0-4 

-fO'2 

+0-4 
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U.   8.  COAST  AND  GEODETIC  SURVEY. 


JULY,  1883. 


[iDcreuliig  acale  iwdiogs  correspond  to  liicrauiiaif  f ora 


t^^yfUl 


time. 


Day  of 

moath. 

i» 

^ 

J» 

4» 

i» 

6h 

T» 

8k            9^            U)» 

tt^    Noo 

I 

104 

104 

IQ4 

IQ4 

106 

106 

106 

107          lOS          X02 

101       I 

a 

103 

103 

103 

103 

104 

106 

107 

107          105           103 

103      I 

3 

105 

los 

1Q4 

105 

105 

106 

106 

106          I 

05        103 

103      I 

4 

102 

102 

102 

»03 

103 

103 

103 

104          102          101 

102      I 

5 

i03 

lOI 

102 

«03 

103 

103 

104 

103          102           101 

101      1 

6 

103 

103 

103 

103 

103 

los 

«o5 

103          1 

102         99 

100       1 

7 

103 

103 

«o3 

"03 

«>3 

IQ4 

103 

103 

102         98 

95 

8 

99 

98 

98 

99 

99 

99 

99 

too 

98         96 

96 

9 

100 

99 

99 

99 

100 

100 

101 

100 

99         96 

96 

10 

lOI 

101 

100 

101 

102 

«03 

103 

»03 

102         99 

99 

II 

102 

lOI 

101 

lOI 

lOI 

102 

101 

lOI 

101         100      100 

12 

»03 

«03 

103 

»03 

104 

104 

106 

105 

.  103          98       97 

«3 

to3 

103 

103 

>03 

104 

105 

105 

105 

105         100       99 

100          97       % 
99          91       ^* 

«4 

102 

102 

102 

101 

102 

100 

100 

99 

«5 

100 

100 

99 

100 

lOI 

lOI 

102 

lOI 

16 

lOI 

lOI 

100 

100 

lOI 

lOI 

102 

lOI 

100 

c 
95 

17 

too 

100 

99 

100 

101 

lOI 

103 

102 

lOI 

98 

18 

'03 

102 

100 

lOI 

102 

lOI 

102 

102 

101 

98 

19 

i03 

103 

«o3 

103 

104 

104 

106 

105 

104. 

102 

ao 

106 

106 

106 

105 

106 

106 

106 

105 

106 

94 

21 

99 

98 

98 

98 

98 

99 

99 

99 

97 

95 

22 

99 

99 

99 

99 

99 

99 

99 

100 

99 

95 

^ 

'03 

102 

lOI 

lOI 

10 1 

101 

102 

103 

lOI 

96 

24 

99 

99 

99 

98 

98 

99 

ICX> 

ICX> 

98 

95 

^5 

102 

102 

102 

102 

102 

102 

102 

lOI 

lOI 

95 

26 

100 

100 

100 

100 

100 

too 

lOI 

100 

99 

99 

27 

103 

103 

103 

103 

103 

103 

102 

102 

lOI 

99 

28 

102 

102 

102 

102 

"03 

103 

104 

104 

102 

95 

29 

95 

96 

97 

97 

97 

98 

98 

98 

99 

98 

30 

lOI 

lOI 

"03 

>o3 

101 

lOI 

lOI 

102 

100 

96 

3« 

104 

105 

105 

106 

106 

106 

107 

105 

104 

104 

Means 
Diurnal  va- 

1017 

IOI-6 

iot'4 

101*9 

102*0 

102-3 

102-7 

102-5 

iOf4. 

^'2 

riation. 

-f  i-o 

-fog 

+0-7  +0-8 

-hi-3 

-fi-5 

+  2-0 

-fi-7 

+0-7    - 

\ 
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Day  of 

moath. 


I 

2 

3 
4 
5 

6 

7 
8 

9 
lo 

II 

13 

13 
14 
15 

i6 

17 
i8 

19 

20 

21 
22 

23 

^4 

25 

26 
27 
28 
29 

30 

3« 


U.  a.  COAST  AND  OEODBTIC   SURYEiT. 

AUGUST,  1883. 

[Incmaing  scsle  readings  correspond  to 
Load  mean  time. 


Means 
Diurnal  va- 
riation 


105  109 

107  107 

107  108 

98  98 

98  98 


101 

lOI 

104 
107 
108 

109 
108 
106 
104 
104 

105 
106 
105 
los 
103 

108 
105 
105 
108 
107 

105 
102 

99 

99 
100 

103 


01 

02 

04 
08 

08 

09 
07 
06 

04 
05 

06 
06 

05 
06 

04 

08 

04 

05 

09 
07 

05 
01 

00 

99 
00 

03 


108  109 

107  107 

108  108 
98  98 
98  99 


1 10 
109 
109 

99 
99 


02  lOI 

02  102 

05  105 

08  108 

09  109 

10  no 
07  107 

06  107 
04.  105 

06  107 

06  [107]  [ 

07  IQ7 

05  106 

06  107 
04  105 

08  108 
04  105 

06  106 

09  109 

07  108 

06  107 

01  lOI 

00  too 
99  too 

01  102 

04  105 


02 

03 
06 

08 
09 

10 
07 

07 
OS 
07 

09]  [ 

07 

06 

07 
05 

07 

05 
06 

09 
08 

07 
02 
00 
01 
02 

06 


09 
II 

II 

00 

00 

03 

03 
06 

09 
09 

10 

07 
08 

06 

08 


07 

05 

07 
10 

08 

08 
02 
00 
01 

03 


10^ 


ii< 


*  W 


III 
112 
112 
zoo 

99 

102 
103 

109 
108 

III 

106 
108 
106 
108 


10]  [1 10] 
08   107 
06   105 
08   108 
06   105 


107 
105 
106 
109 
107 

108 

lOI 

100 

lOI 

103 


tio 

106 

los 

108  c* 

»«3 

112 

94 

94 

lit 

109 

97 

q6 

100 

98 

95 

94 

99 

97 

9S 

94 

102 

100 

99 

98 

102 

102 

99 

99 

'^5 

104 

«03 

103 

108 

106 

106 

105 

ic8 

107 

105 

104 

no 

109 

108 

107 

106 

105 

104 

103 

108 

107 

104 

X03 

106 

.     105 

104 

102 

107 

106 

104 

103 

C109] 

[108] 

107 

105 

107 

Z06 

104 

103 

105 

105 

103 

103 

loS 

107 

105 

104 

105 

los 

104 

103 

106 

106 

104 

103     : 

105 

was 

104 

103     : 

106 

106 

105 

104     I 

no 

109 

107 

106    : 

107 

106 

104 

103     : 

108 

107 

105 

104 

101 

too 

99 

9S 

99 

9S 

98 

98 

lOI 

100 

roo 

99 

'03 

102 

102 

102 

06      106       106 


106 


104      104 


n 


1043 1046 1049 1053   1057    1063   1061    105-8    104.S    ,o2'5   101-7 ms 
+17 +20 +2-3 +27   +3-1    +37   +3-5    +3.2    4.3-2    :_o.,   -^g^t'i 
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AUGUST,  1883. 

VilMQiidMilMqItcsle,  -oowi6  in  ptftt  of  V4 

LoQsl  mcAn  fla#. 


tf     14^        15k         i6k         i^         i8k         i9»        9^        9t 


k        ••k        m-A       Mid- 
"  •*     .  night. 


[99]    94 

96     9S 

[98]  [98] 

94  94 
92     93 

95  95 

99     99 
»03   103 

»03    103 

loa    102 

'<H  104 

loa  101 

102  100 

100  100 

'o»  loi 

'oa  102 
'oa  loa 
'01     ,00 

'02      ,01 

J^«  100 
'^  102 
«oi     loi 

'^3  102 
»Oa    loi 

'02    loi 

97     97 


96 
98 
99 


96 

97 
99 


[94] 
99 

[98] 
95 
94 

96 
100 

104 
103 
102 

104 
101 
100 

99 
100 

lOI 

102 
100 
100 
103 

100 
102 
100 
102 
101 

100 

96 
96 

97 
98 


95 
102 

[98] 
95 
94 

97 

lOI 

104. 
102 
102 

103 

lOI 

100 

98 

99 

lOI 

102 

99 

99 
103 

99 
101 

100 

lOI 

100 

99 
96 

96 

97 
98 


106 

104 
98 

95 
94 

98 

lOI 

IQ4 

102- 

102 

103 
100 
100 
98 
100 

100 
102 

99 

99 
102 

99 

lOI 

100 
100 
100 

99 

95 
96 

97 
98 


X06 

104 

96 

96 

95 

98 

lOI 

'03 
102 

102 

103 
100 
100 

98 
100 

100 
102^ 

99 
100 

102 

99 
101 

100 

100 

100 

98 

95 
96 

97 
98 


102  lOI    lOI    100    100    100 


104 

106 

98 

96 

97 

99 
100 

103 

103 

103 

103 

lOI 

99 

98 

100 

lOI 

102 
100 
100 
102 

100 

lOI 

102 

lOI 

99 

98 

95 

95 
96 

98 
99 


105 

107 

98 
96 
97 

100 
102 
104 
104 

105 

104 
101 
100 

98 
loi 

102 
103 
102 
10 1 
102 

lOI 

102 

102 

lOI 

100 

98 

95 
96 

97 
99 


105 

107 

97 
97 
98 

100 
102 

105 
105 
106 

105 
103 

lOI 

100 

lOI 

103 
103 
102 

lOI 

104 

102 
102 
103 
103 

lOI 

99 
96 

97 

98 

100 


100   lOI 


106 
108 

97 
97 
99 

lOI 

103 
105 
106 
107 

106 
104 

lOI 
lOI 

103 

104 
104 

104 
102 

105 
103 

103 
104 

104 

102 

99 
97 
97 
98 

lOI 
lOI 


06 

07 

98 

97 
00 

02 

04 
06 
07 

09 

06 

04 

02 

02 
03 

05 

05 

05 

03 
06 

04 
04 
05 
05 
03 


100 

98 

99 
102 

102 


106 

108 

98 

98 

lOI 
lOI 

104 
107 
108 
109 

107 
105 

103 

103 

104 

105 
105 

106 
103 
107 

105 

104 
107 

106 
103 


[105-0] 
1047 

[IOI-9] 
968 
968 

99*5 
I0I-3 

1043 
1055 

1058 

1067 
1039 

to3-3 

I02'0 
1033 

[1047] 
104-4 
1030 
103*6 
103-9 

103-6 
103-2 

1037 

105-3 
103-6 


loo-i  997    99-6     99'4     997     99-7    loo-o   100-7    101-5    '02-3    103- 1    103-7 
— 2*5 — 2*9  — 3-0  — 3-2   — 2-9  — 2-9  — 2-6  — 1-9  — i-i   —0-3   -fo'5   -|-i'i 
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U.  8.  CfOAST  AND  GEODETIC   SUKTST. 


SEFFEMBER,  1883. 
[iBoeaaiiif  Male 
Jjocal  meui  tfans. 


to 


Day  of 

month. 


I 

a 

3 
4 
5 

6 

7 
8 

9 
10 

II 

13 

13 
14 

«5 

16 

17 
18 

19 
20 

31. 
32 

23 

24 

*5 

36 

27 
38 
39 

30 


Means 
Diurnal  Yft. 
nation 


S^ 


to^ 


XI" 


Nooo. 


103  104 

101  102 

99  100 

99  98 

99  99 

103  104 
105  105 

105  105 

106  106 

104  103 

103  103 

99  100 

too  99 

100  too 

too  too 

104  105 
109  109 

105  104 

99  99 

lOI  lOI 

94  94 

95  96 
100  100 
100  100 

103  103 

IQ4  104 

100  100 

103  104 

104  104 
loi  102 


103  103 

102  102 

.100  lOi 

99  99 

99  99 

104  104 

10$  105 

105  105 
107  107 
103  104 

103  103 

100  100 

99  99 

100  100 

100  100 

103  105 
109  109 

104  104 

99  98 

101  lOl 

94  94 

96  96 

100  lOI 

loi  102 

104  103 

104  104 
100  lOI 
103  106 

105  105 

102  103 


104 

103 

102 
100 
100 

104 

106 

106 
108 

104 

103 

lOI 

99 

iOI 

100 

104 
109 
104 

98 

IOI 

93 

95 

IOI 

102 
103 

105 

IOI 

106 

106 

103 


04 
03 

02 
01 
01 

05 

Q7 

07 
08 

<H 

04 
01 

99 
02 

00 

05 
09 
<H 

98 

IOI 


93 

95 
100 

102 
»03 

106 

IOI 

107 
107 

104 


04 
03 


01 
01 

05 


07 
10 


104 
«03 
102 
100 
109 

103 
107 


03 
01 

98 
02 


109 
104 

103 
101 

9« 


107 
109 


100 


9^ 

93 

95 

96 

1CX> 

100 

'03 

'03 

103 

103 

106 

106 

100 

ICX> 

109 

108 

108 

108 

IDS 

105 

»o3 
102 

101 

98 
96 

IOI 

105 

104 

103 

-   102 

I03 
100 

97 

IOI 

98 

105 
108 
102 

97 
99 

94 

97 
100 

102 

103 

104 

98 
107 

107 

104 


loa  IOI  too 

IOI  100  98 

89  89  S9 

91  9<  P 

96  95  94 


96 
100 

100 

100 

99 

96 
97 
96 
98 
98 

104 

10* 

98 
96 
97 

95 
100 

100 

IOI 
103 

100 

98 
102 

102 

IOI 


96    96 

99      97 


9S 
96 
95 
98 
98 

102 
102 

95 
95 
96 


99 
99 


99 
99 
98      97 


94 

95 
94 
97 
97 

103 
IOI 

94 
94 
94 


95      95 
100     100 


97 
99 


102      IOI 


^  9> 

IOI  109 

IOI  100 

100  100 


IOI.6 1018 IOI-8 1021  1024   1028   ,03^    ,03-0    ,01-3      98.6    978    97^ 

+  I-8+2-O+20+2-3+2-6    +3-0     +3-2      +3.2     +,.5     _,.2    _2X>-2'8 
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VitaiflffJMriMofi 


SEPTEMBER,  iSSj. 


ix»JaiMitsQlV.] 


Loed  masA  tint. 


1^     M* 

ts» 

- 

«^ 

iSk 

■9^ 

•0^ 

•i« 

Mk 

•3' 

Mid. 
night 

Diily 
mean*. 

99    9S 

• 
98 

9» 

^ 

97 

97 

97 

9? 

99 

100 

101 

1007 

97    97 

96 

9^ 

96 

96 

95 

95 

96 

97 

98 

99 

991 

91    91 

93 

93 

93 

93 

96 

^ 

96 

96 

96 

96 

96*1 

93    94 

94 

p 

P 

97 

96 

96 

96 

97 

97 

96-2 

95    97 

98 

5» 

99 

99 

99 

lOI 

102 

103 

99-0 

9S    96 

97 

97 

^7 

97 

102 

102 

102 

«03 

104 

105 

100-8 

97    98 

99 

9» 

99 

100 

100 

lOI 

101 

102 

102 

104 

102*1 

99    99 

101        1 

lom 

X02 

102 

103 

104 

loS 

105 

106 

107 

103*4 

9S    99 

100        1 

■00 

xoo 

100 

102 

102 

f02 

102 

102 

102 

102*9 

97    98 

98 

9« 

98 

98 

100 

100 

lOI 

lOI 

lOI 

101 

1007 

94    94 

96 

9^ 

96 

95 

95 

96 

96 

96 

^ 

98 

984 

94    94 

94 

9f 

95 

95 

96 

97 

98 

98 

99 

975 

9S    95 

96 

9^ 

96 

97 

H 

98 

98 

99 

99 

99 

974 

97     97 

97 

97 

^J 

97 

98 

98 

99 

99 

99 

99 

9^0 
98*9 

96    96 

97 

9^ 

96 

97 

100 

lOI 

100 

99 

102 

103 

102    M>3 

\o\ 

«o3 

103 

«03 

106 

105 

106 

106 

107 

108 

104*5 

99    99 
93    94 

99 
94> 

»oo 

100 
94 

100 
95 

100 

97 

1 01 
97 

lOI 

98 

102 
98 

102 

98 

«03 
99 

10V9 
98-9 

94    94 

95 

97 

97 

97 

98 

98 

99 

99 

100 

lOI 

97-5 

94    94 

93 

93 

93 

93 

94 

93 

94 

95 

94 

95 

96*5 

93    94 

93 

93 

94 

94 

95 

94 

95 

95 

95 

96 

941 

100    lOI 

100 

XOI 

loi 

101 

lOI 

100 

100 

100 

100 

101 

98-6 

97     97 

9^ 

H 

97 

97 

98 

98 

97 

98 

99 

100 

988 

J9           y  i 

98     9& 

9S 

98 

97 

lOI 

lOI 

lOI 

102 

103 

102 

102 

100-6 

101    101 

101 

xoo 

100 

100 

101 

101 

102 

103- 

103 

104 

I02'I 

Q&      Q& 

^            9« 

^ 

98 

98 

98 

98 

99 

100 

100 

100-9 

x^       7 

9&     9& 

^           98 

98 

99 

100 

lOI 

102 

102 

103 

103 

99-8 

99   i«> 
^     97 

9Q            99 

99 

100 

100 

lOI 

101 

102 

103 

«o3 

I02'6 

Q7           97 

97 

98 

99 

99 

99 

100 

lOI 

lOI 

101-7 

100    101 

I        100         loo 

100 

100 

102 

102 

102 

102 

io2 

lOI 

IOI-8 

9^  9r»     97-4      97-3 

97*4 

977 

98-9 

99-0 

994 

999 

100*4 

101 -0 

99*8 

-31- 

.r7  — 2-4   — ^5 

—2-4 

— 2-1 

— 0*9 

-08 

—0-4  +0*1 

+06 

+  1-2 
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U.  8.  COAST  AND  GEODETIC   BUBYEnT. 


OCTOBER,  1883. 

[Incresaiiiir  ■cale  rwniUngm  correspond  to  faicreMlagfPioi. 


Local 

mean  time. 

Day  of 
month. 

ik 

^ 

3^ 

4» 

$» 

^ 

^ 

8^ 

^ 

v^ 

11^    Noon. 

I 

102 

102 

101 

102 

102 

102 

103 

102 

lOX 

too 

99 

99 

2 

103 

104 

104 

104 

104 

105 

105 

105 

104 

100 

99 

99 

3 

97 

97 

97 

97 

97 

97 

97 

97 

97 

9^ 

96 

*. 

4 

toi 

102 

102 

102 

102 

103 

104 

104 

»03 

99 

98 

98 

5 

102 

103 

103 

104 

104 

106 

107 

X06 

106 

103 

103 

103 

.     6 

102 

102 

102 

102 

Id 

lOI 

lOI 

lOI 

lOI 

101 

lOI 

101 

7 

104 

104 

104 

104 

104 

104 

104 

104 

104 

100 

100 

99 

8 

99 

lOl 

lOI 

102 

103 

103 

0\ 

104 

104 

»03 

100 

98 

97 

9 

97 

97 

97 

97 

97 

98 

98 

98 

97 

97 

96 

* 

10 

100 

lOI 

lOI 

102 

102 

">3 

104 

104 

104 

100- 

99 

98 

II 

103 

104 

103 

«03 

103 

104 

>o5 

104. 

103 

102 

100 

too 

12 

106 

106 

105 

105 

105 

105 

106 

106 

104 

102 

101 

100 

«3 

102 

102 

102 

102 

lOI 

102 

102 

lOI 

100 

98 

100 

98 

96 

14 

104 

104 

103 

103 

103 

102 

«03 

102 

lOI 

100 

100 

«S 

104 

104 

103 

103 

103 

103 

«o3 

'03 

XOI 

99 

98 

99 

16 

lOI 

99 

99 

lot 

lOI 

102 

102 

102 

lOI 

97 
97 

96 

96 

17 

too 

99 

99 

too 

99 

99 

100 

xcx> 

99 

96 

97 

18 

99 

99 

99 

99 

99 

99 

99 

99 

98 

97 

96 

97 

19 

99 

lot 

lOI 

102 

102 

102 

103 

'03 

lOI 

99 

98 

97 

JO 

lOI 

lOI 

lOI 

lOI 

lOl 

lOI 

lOI 

Z02 

100 

7^ 
97 

95 

94 

21 

97 

97 

97 

98 

98 

98 

99 

99 

97 

94 
98 
98 

103 
104 

94 

97 

98 

102 

93 

22 

100 

100 

lOI 

lOI 

102 

102 

102 

102 

^  w 

lOI 

96 

23 

99 

98 

98 

98 

98 

98 

97 

97 

96 

97 

24 

102 

102 

102 

103 

103 

103 

104 

104 

103 

lOI 

25 

105 

105 

105 

105 

105 

105 

105 

105 

104 

104 

103 

26 

106 

106 

106 

107 

108 

108 

108 

»o8    ^  108 

106 

105 
102 

9« 
94 
94 

105 
102 

97 

27 

28 

108 
105 

108 
105 

108 
106 

109 
106 

109 
106 

109 
107 

;s 

no 
107 

109 
106 

103 
lot 

29 

102 

102 

102 

lOI 

lOI 

102 

102 

lOI 

100 

96 
95 

79 

30 

95 

96 

95 

96 

96 

96 

96 

96 

95 

31 

100 

100 

lOI 

lot 

lOI 

lOI 

lOI 

102 

zoo 

98 

91 

¥> 

Means 
Diurnal  va- 

loi'S 

I0I-6 

IOI-5 

ioi*9 

ioi'9 

102-3 

102*6 

102-5 

101-5 

994 

98'S 

gS-o 

riation 

+1-5 +1-6 

+IS+I-9 

+1-9 

+2-3 

+2-6 

+«-5 

+1-5    - 

-06   - 

-1-5  - 

-ro 

jl^pOBt  Joe   1892 — ^PART  IL 


803 


Vilaeof  idMrioa  of 


OCTOBER,  1883. 
in  parts  of  VJ 

I«ad  meui  time. 


13^  ^ 

i^ 

'-► 

«»* 

la^ 

«f^ 

•0^ 

•ik 

a^ 

.3* 

Mid- 

niffht 

Dtily 
means. 

99    99 

99 

9» 

98 

99 

98 

99 

100 

lOI 

Id 

102 

100-3 

99    99 

99 

99 

99 

99 

99 

^ 

97 

97 

96 

96 

100*5 

97     97 

97 

97 

97 

97 

97 

^! 

98 

99 

99 

100 

973 

97     98 

97 

96 

97 

97 

98 

98 

99 

100 

lOI 

102 

999 

102   102 

lOl             SOX 

xoo 

100 

100 

100 

lOI 

lOI 

lOI 

lOI 

1025 

lOI     lOI 

lOX 

KOI 

lOI 

lOI 

lOI 

102 

102 

102 

103 

103 

101-5 

100    ICO 

100 

99 

99 

too 

100 

100 

100 

100 

100 

100 

IOI-4 

96    9S 

95 

^5 

94 

H 

95 

96 

95 

96 

96 

97 

98-3 

95     96 

95 

9^ 

96 

98 

98 

99 

99 

99 

99 

100 

97*3 

97     96 

97 

97 

99 

100 

lOI 

lOI 

101 

102 

103 

104 

100-7 

100   100 

lOX 

SOI 

lOI 

102 

102 

103 

103 

103 

103 

IQ4 

102-4 

lOI     lOI 

102 

X02 

102 

102 

102 

102 

102 

102 

103 

103 

103-1 

98    99 

99 

»oo 

100 

100 

lOI 

102 

102 

103 

103 

104 

100-7 

100  100 

100 

moo 

too 

100 

101 

lOI 

102 

102 

i03 

103 

101-5 

98    98 

9» 

9« 

98 

99 

99 

100 

99 

100 

100 

lOI 

100-5 

96    96 

9^ 

97 

96 

^l 

97 

97 

97 

98 

^! 

99 

984 

9^     97 

97 

^I 

96 

96 

97 

^l 

H 

97 

98 

99 

97*9 

96            96 

Q^ 

^ 

96 

95 

95 

96 

96 

97 

98 

98 

97-3 

97     97 

97 

98 

97 

96 

96 

97 

98 

99 

99 

100 

991 

94     94 

93 

93 

93 

94 

93 

93 

94 

95 

96 

94 

967 

93     94 

94- 

94 

94 

96 

95 

96 

96 

96 

97 

^l 

96-0 

95     95 

9^ 

94 

95 

96 

97 

96 

97 

97 

97 

98 

98*0 

98  98 

lOI     101 

99 

99 

99 

100 

100 

100 

lOI 

lOI 

lOI 

lOI 

98-7 

100 

100 

102 

102 

102 

103 

»03 

«o3 

104 

102-2 

103    104 

icx* 

104 

104 

104 

104 

105 

IC4 

los 

106 

106 

1045 

loj   106 

[lOll  101 

96  96 

93  93 

94  94 

107 

106 

107 

107 

107 

107 

108 

108 

107 

107 

106-8 

lom 

lOI 

lOI 

lOI 

102 

102 

X03 

104 

I04 

105 

104-7 

95 

95 

95 

96 

96 

98 

99 

99 

100 

100 

100-7 

9* 

92 

92 

92 

93 

^1 

94 

94 

95 

95 

964 

94^ 

94 

94 

95 

96 

96 

97 

98 

99 

99 

95-5 

96     96 

9S 

•95 

95 

96 

96 

97 

98 

98 

99 

99 

98-3 

91-9  ^" 

0      97-9 

1       97*9 

97.9 

985 

986 

991 

99'4 

99*9 

1003 

ioo*7 

1000 

— 2-1  — 2*0     —a*' 

«— 2-1 

— 2*1 

— 1-5 

—1-4 

—9 

— 0-6 

-D-I 

+0^3+07 
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U.  8.  COAST  AND  GEODETIC    SURY^IY. 


Day  of 

OKdiUi. 


t 

2 

3 
4 
5 

6 

7 
8 

9 

lO 

II 

12 

13 
14 
»5 

i6 

17 

i8 

19 

20 

21 
22 

23 

25 

26 

27 
28 

29 

30 


NOVEMBER,  1883. 

(Increasiiiff  aoale  readings  ooncspond  tDteauiinf 
Lonl  Bieui 


Means 
Diurnal  va- 
liation 


99 
106 

107 

III 

108 


96 

95 
104 

no 

no 

107 

"3 
114 
no 

III 


•*         3^         4»  S» 


8^ 


99 
105 

107 

III 

108 


lOI  lOI 

109  109 

107  107 

97  97 

96  95 


98  99 

105  105 

107  107 

III  III 

109  109 

loi  100 

109  109 

107  107 

97  98 

96  97 


96 

95 
104 
no 
no 

107 

"3 

"5 
no 

112 


f6 

95 
104 

no 

III 

106 

"3 
116 

no 
"3 


99  99 

105  105 

106  107 
105  106 
104  104 

98  98 

98  98 

96  97 

98  98 


96 

95 
104 

no 

in 

107 

"3 
116 

in 

114 


100  100 

106  106 

107  107 
106  107 
104  104 

99  99 

99  100 

97  98 

99  100 


102  loi  102  lOI 


99 
105 

107 

112 

no 

100 

109 
107 

98 
97 

97 

95 
104 

III 

III 

107 

"3 

116 

III 
114 

100 
106 
107 
108 
104 

99 
100 

98 

100 

lOI 


98 
106 

108 

"3 
in 

100 

no 

108 

98 

98 

98 

96 
105 
112 

"3 

107 
114 

"7 
112 

115 

100 
105 
108 
108 
los 

100 

100 

98 

lOI 
lOI 


100 
107 

108 

"3 
112 

102 

112 

107 

99 
99 

99 

97 
106 

114 
114 

107 

"5 

"7 
112 

116 

100 
to6 
108 
109 
105 

100 

lOI 

99 

lOI 

102 


99 


"3 
«I3 

loi 
III 


98 


97 


112 
114 


'14 
117 

««3 
116 


106 
109 
109 
105 

100 
101 

99 
loi 

102 


104*1 104' I  104*4  104*7  ><H'9   105*5    106*2 

+1*9 +1*9 +2-2 +2-5  +27   +3*^  +4-0 


106*0    104-8    lOI-^ 

+3*8    -+-2-6 


99 

99 

97 
100 

100 
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NOVEMBER,  1883. 


divisioii  of 


e«  "000104  in  parts  of  V.] 


Local  mean  time. 


^' 

«5*       . 

x^ 

t»* 

i8k 

«9^ 

■0» 

•tk 

•»k 

■3* 

Mid- 
nigtit. 

Daily 
means. 

V 

d. 

6 

96 

97 

97 

lOI 

>o3 

104 

104. 

104 

105 

105 

996 

<2 

103 

103 

103 

104 

104 

105 

106 

107 

109 

no 

1049 

7 

108 

108 

108 

108 

107 

107 

108 

108 

109 

109 

107-8 

3 

104 

104 

los 

107 

107 

106 

106 

107 

107 

107 

1075 

0 

100 

100 

100 

100 

102 

102 

lOI 

lOI 

lOI 

lOI 

I04-S 

2 

103 

103 

103 

104 

105 

106 

107 

107 

108 

109 

1031 

3 

103 

103 

103 

103 

105 

105 

106 

106 

107 

108 

106*4 

0 

90 

90 

90 

91 

92 

93 

93 

94 

95 

96 

97*6 

8 

«7 

»7 

^ 

92 

92 

93 

93 

93 

94 

94 

93*3 

2 

92 

9:2 

91 

9» 

93 

94 

94 

95 

95 

95 

947 

S9 

«9 

^ 

92 

92. 

92 

93 

93 

94 

94 

93*6 

95 

^5 

98 

lOI 

lOI 

102 

102 

103 

103 

103 

97*6 

102 

102 

103 

104 

106 

107 

107 

109 

no 

no 

1050 

102 

102 

103 

105 

los 

106 

106 

107 

108 

108 

I06-8 

lOl 

102 

102 

104 

104 

104 

105 

los 

los 

106 

io6*6 

1 

102 

103 

104 

105 

105 

107 

108 

109 

no 

no 

105*6 

104. 
10^ 

mo4. 

los 

no 

no 

III 

III 

112 

"3 

"3 

noo 

106 

106 

106 

106 

106 

107 

107 

108 

109 

no*  I 

> 

106 

K06 

106 

107 

107 

103 

108 

108 

no 

in 

1090 

9» 

P9 

99 

100 

100 

99 

99 

99 

99 

99 

1049 

98 
99 

IO( 

^S 

100 

100 

100 

lOI 

102 

103 

102 

103 

997 

^8 

98 

100 

100 

lOI 

102 

103 

103 

104 

I02-5 

moi 

lOI 

lOI 

lOI 

102 

102 

103 

103 

104 

I04-3  ! 

100 

lOI 

lOI 

lOI 

lOI 

102 

102 

103 

103 

103.8  ; 

^ 

95 

96 

96 

96 

96 

« 

97 

97 

98 

995 

93 

97 
100 

93 

93 

93 

94 

94 

94 

95 

96 

96 

96*2 

91 

9> 

91 

91 

91 

92 

93 

95 

95 

95-5 

90 

91 

95 

95 

96 

96 

96 

97 

97 

95*2 

98 

99 

lOI 

102 

lOI 

lOI 

102 

lOI 

102 

99*4 

\ 

100 
9«7 

100 

lOI 

lOI 

lOI 

101 

102 

»o3 

103 

100-5 

991 

ioo*5 

ioo'9 

101*3 

1017 

I02'3 

1030 

103-4 

102*2 

5 

98-e 

r7 

^3^ 

— 3-5 

—31 

—17 

—1-3 

-0-9 

-o-s 

-fo-i 

-H>-8 

-f  1-2 
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U.   a   COAST  AND  GEODETIC    SURVEY, 


DECEMBER,  1883. 

[lacreastng  scale  readings  correspond  to  Incretang  lorce. 


Loral 

mean  time. 

Day  of 

month. 

i^ 

^ 

3* 

4* 

5* 

^ 

7* 

8^ 

^      - 

t<> 

11^     Noon. 

1 

103 

i<H 

103 

103 

103 

104 

104 

104 

102 

98 

96 
89 

97 

2 

101 

101 

100 

100 

lOI 

lot 

101 

lOI 

9S 

9» 

88 

3 

96 

97 

97 

97 

97 

97 

98 

98 

97 

92 

92 

92 

4 

97 

97 

9« 

98 

98 

98 

99 

99 

99 

93 

94 

93 

5 

101 

102 

103 

104 

104 

105 

106 

106 

104 

lOI 

100 

98 

6 

i03 

'03 

104 

104 

105 

los 

107 

107 

106 

103 

lOI 

99 

7 

102 

102 

102 

103 

103 

104 

104 

104 

103 

102 

98 

96 

8 

«03 

103 

104 

105 

105 

los 

105 

105 

los 

104 

lOI 

97 

9 

102 

102 

102 

102 

102 

102 

102 

103 

103 

lOI 

99 

98 

10 

102 

103 

«03 

i03 

104 

104 

loS 

106 

105 

100 

99 

98 

II 

lOI 

102 

103 

103 

104 

104 

104 

104 

103 

lOI 

98 

96 

12 

102 

102 

103 

"03 

104 

104 

105 

105 

104 

102 

lot 

too 

»3 

102 

102 

102 

102 

103 

104 

104 

105 

105 

»03 

101 

100 

14 

102 

«03 

«03 

103 

103 

104 

104 

105 

105 

103 

101 

100 

15 

97 

98 

97 

96 

96 

95 

95 

95 

93 

93, 

•    92 

90 

16 

95 

95 

94 

94 

93 

94 

92 

92 

93 

94 

92 

93 

17 

«03 

100 

100 

lOI 

100 

100 

99 

99 

99 

97 

96 

95 

18 

108 

109 

108 

109 

108 

108 

108 

109 

107 

99 

97 

97 

19 

106 

106 

106 

106 

106 

107 

107 

107 

109 

97 

96 

94 

20 

96 

97 

96 

96 

96 

96 

96 

96 

97 

95 

94 

93 

21 

101 

102 

102 

103 

103 

»03 

103 

103 

102 

»03 

lOI 

100 

22 

106 

106 

107 

107 

108 

108 

108 

109 

no 

»03 

lOI 

lOI 

23 

106 

107 

108 

108 

109 

109 

1 10 

III 

III 

'03 

100 

98 

24 

94 

94 

94 

^l 

96 

96 

96 

96 

97 

95 

93 

91 

25 

96 

96 

97 

98 

99 

100 

lOI 

102 

*03 

93 

93 

91 

26 

93 

92 

93 

93 

93 

94 

93 

95 

96 

94 

'03 

99 

27 

98 

98 

98 

lOI 

lOI 

lOI 

lOI 

lOI 

lOf 

101 

100 

X7 

9S 

28 

102 

102 

102 

'03 

»03 

«03 

104 

104 

104 

101 

99 

7^ 

9« 
100 

29 

102 

«03 

102 

104 

104 

105 

105 

106 

fo6 

'03 

7^ 

101 

30 

100 

100 

101 

102 

102 

103 

104 

105 

105 

105 

102 

for 

31 

102 

"03 

103 

104 

104 

104 

106 

106 

107 

104 

^03 

101 

Means 
Diurnal  va- 

1007 

loi'o  ion  101-6 

ior8 

I02'3 

102-5 

t02-8 

I02'5 

99-2 

97-5   < 

96-S 

riation 

+1-5 +1-8 +1-9 +2-4 

4-2-6 

+3-0 

-I-3-3 

+3-6    -hys 

(TO    - 

-17- 

•2-4 
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U.  &   COAST   Aim  GEODETIC    BURYSY. 


JAmJARY,  18S4. 

(Incrauing  Kale  i«tt)diBc«  oocrMpoadtDtDeRMW 


i^ 


I 

3 

3 
4 
5 

6 

7 
8 

9 

10 

II 
12 

13 

14 
«S 

16 

17 
18 

19 
20 

21 
22 

23 
24 
25 

26 

27 

28 

29 
30 

31 


Local 


Means 
Diurnal  va- 
riation 


^     K^     t1^ 


103  104 

104  104 

97  98 

99  99 

105  105 

103  103 
107  107 
107  107 

104  105 

98  98 

98  98 

102  102 

107  107 

104  104 

104  105 

106  106 
106  106 
loi  102 

102  102 

103  104 


lOI 

102 

105 

106 

94 

94 

X03 

103 

106 

106 

95 

96 

95 

95 

93 

93 

94 

94 

96 

96 

105  106 
104  104 

97  97 

98  98 
103  103 

103  104 

106  ib6 

107  107 

104  105 

98  98 

99  100 
102  lOI 
107  107 

104  103 

105  105 

107  107 

107  106 

102  102 

102  102 

104  104 

102  102 

106  107 

93  94 

103  103 

106  106 


97 

95 

93 

93 
96 


96 
95 
93 
94 
96 


108 
104 

98 

98 

103 

104 
106 
107 
105 
97 

100 

lOft 

106 
103 
105 

107 
106 
103 
103 
104 

103 
107 

94 
104 

106 

96 
95 
93 
94 
96 


109 
104 

97 

98 

103 

■ 

104 
106 
107 
105 

97 

lOI 

loi 
107 

i<H 
105 

107 
107 
103 
103 

104 

103 

107 

94 
104 

108 

97 
96 

94 

94 
96 


93      n      93      93        92        92 


no 

105 

97 

97 
102 


109 
106 


loz 
102 
107 

104 
10s 

108 


>03 
103 
»o5 

103 
107 

94- 
108 

98 
96 

94 
95 
97 

93 


III 

xos 
98 
98 

»03 

«03 
107 
109 
106 

99 

103 

102 
107 

ZQ4 
Z06 


107 
104 
103 

los 

105 
107 

95 
106 


98 
96 

94 

95 
96 

93 


no 

!•; 

103     / 

99     i- 

105 

toi 

97 

98 

94 

97 

95 

93 

102 

103 

98 

102 

99 

97 

106 

104 

99      - 

109 

103 

lOI        • 

105 

99 

95      \ 

99 

95 

92      « 

102 

102 

99 

lOI 

100 

98 

106 

lOI 

97 

104 

105 

104     1 

105 

lOI 

100 

• 

107 

104 

100     ] 

106 

102 

99 

1 01 

99 

^I 

103 

lOI 

98 

104 

100 

96 

104 

104 

*I02       1 

105 

88 

84 

93 

94 

92 

105 

102 

99 

108 

96 

92 

97 

93 

90 

96 

95 

93 

94 

95 

93 

95 

95 

93 

96 

93 

9« 

93 

97 

96 

loii  I01-4 IOI-3 101-4  «of6   I01-8   103-3    io*-6    101-5     991     96-3    9 
-fi-o+i-3+«a+r3  +IS  +'7  -fa-a   +3-5    .j.,.^   _,^  __j.j  _ 
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U.  &  COAST  ANI>  OSODETIC  8UBYST. 


FEBRUARY,  x88«. 

[Increasiaf  scale  muM^g^  oorraapond  to  IncraMiBf  iagob. 


Looa 

meantime. 

Dayof 
montn* 

tk 

^ 

3* 

4» 

s» 

^ 

7* 

•^            9^             10^ 

11^    Nea^ 

I 

98 

98 

98 

98 

98 

98 

98 

99 

99       «oi 

99 

99 

2 

lOI 

102 

iOI 

IOI 

IOI 

102 

102 

102        103       109 

107 

los 

3 

106 

106 

106 

106 

106 

106 

los 

106        106        106 

104 

102 

4 

108 

107 

107 

107 

107 

107 

107    • 

'107        107        101 

100 

98 

5 

100 

99 

100 

100 

100 

100 

100 

IOI            ] 

100       101 

99 

^ 

6 

lOI 

101 

I0I 

IOI 

102 

103 

103 

103 

103        IOI        99 

99 
1<A 

7 

99 

99 

100 

99 

99 

99 

100 

too 

IOI         100        99 

8 

too 

100 

IOI 

IOI 

102 

102 

103 

104 

103        102      10* 
107         107      i<^ 
loS        103     ^^ 

9 

104 

104 

104 

IQ4 

104 

104 

105 

107 

lOD 

lO 

105 

105 

104 

IQ4 

104 

IQ4 

104 

104 

%.**■ 

^ 

II 

102 

102 

IQ2 

102 

IOI 

100 

too 

IOI 

100        100       ^ 

12 

10 1 

lOI 

IOI 

IOI 

IOI 

lOf 

IOI 

IOI 

100 

98 

^ 

%> 

13 

99 

99 

100 

100 

100 

100 

101 

102 

IOI 

99 

14 

100 

lOI 

IOI 

102 

i03 

IQ4 

IPS 

105 

I02 

101 

15 

100 

101 

102 

102 

102 

103 

103 

104 

103 

102 

16 
>7 

99 
102 

98 
102 

98 

102 

98 

102 

98 

IOI 

97 

IOI 

97 

IOI 

97 
loi 

98 

IOI 

104 

IOI 

i8 

lOI 

102 

102 

102 

102 

103 

»03 

«o3 

103 

104 

103 

'9 

104 

105 

104 

105 

105 

106 

106 

107 

105 

»03 

101 

ao 

104 

104 

104 

105 

los 

105 

105 

105 

105 

*o3 

102 

21 

97 

97 

97 

98 

98 

98 

98 

99 

99 

97 

96 

22 

9« 

97 

97 

97 

98 

98 

99 

100 

98 

93 

92 

23 

99 

100 

100 

100 

IOI 

102 

102 

102 

100 

96 

94 

«4 

lOI 

too 

100 

99 

100 

loi 

too 

IOI 

99 

99 

9^ 

25 

104 

104 

105 

102 

102 

103 

103 

104 

»03 

102 

100 

26 

100 

100 

100 

99 

99 

99 

too 

IOI 

100 

IOI 

100 

27 

102 

lOI 

IOI 

IOI 

100 

100 

99 

100 

98 

97 

96 

9« 
9« 

28 

106 

106 

105 

>03 

103 

103 

■^2 

104 

105 

^  # 

IOI 

29 

98 

97 

98 

97 

96 

97 

98 

96 

95 

95 

Means 
Diurnal  va- 

IOI-3 

101-3 

101*4 

IOI'2 

101*3 

IOI -6 

IOI -8 

102-3 

►     101-7 

100-9 

»•> 

riation 

-f-o-8 

-fo*9  +0-9  +0-8 

-fo-8 

+  1-2 

-hi-3 

+  1-9 

-f-I*2 

+0-5 

REPORT  FOR  1892 — PART  IL 
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Value  of  X  diriaon  of  scale 


FEBRUARY,  1884. 

«  '000104  IB  P<^rtS  of  v.] 

Local  mean  time. 


• 
'3^      '4*          15*             >6k 

«7» 

i8k 

19^ 

90k 

91^ 

a,k 

a3* 

Mid- 
night. 

Daily 
meant. 

97    9fi 

'       99 

xoo 

XOI 

103 

102 

lOI 

lOI 

lOI 

lOl 

lOI 

d. 
99*5 

105    105 

los 

107 

108 

109 

108 

108 

108 

108 

108 

107 

105- 1 

102    lOJ 

97     97 
96     95 

los 

106 

107 

107 

108 

108 

107 

108 

log 

107 

1059 

97 
96 

98 

9S 

•  99 

100 

100 

IQO 

100 

100 

100 

1020 

^7 

98 

99 

99 

100 

99 

99 

99 

100 

989 

91     97 
97     96 

98 
96 
98 

P^ 

100 

100 

lOI 

lOI 

lOI 

lOI 

100 

100 

100-5 

97 

98 

99 

99 

100 

100 

100 

100 

100 

990 

97     97 

^s 

100 

lOI 

102 

102 

102 

103 

104 

104 

lori 

103    102 
98     98 

97 

102 

«03 

104 

104 

104 

105 

105 

105 

105 

1043 

^« 

xoo 

lOI 

102 

lOI 

102 

102 

102 

102 

I02'0 

98    98 

99 

xc^o 

xcx> 

100 

100 

99 

100 

100 

100 

100 

lOO'O 

94     94 
96     95 
98     97 
96     96 

94 
96 

^-* 

94 

96 

95 

95 

96 

96 

97 

98 

975 

^7 

98 

99 

98 

98 

98 

99 

99 

99 

986 

97 

^7 

xoo 

lOI 

100 

99 

99 

99 

99 

99 

1003 

97 

^S 

98 

99 

99 

98 

98 

98 

98 

99 

997 

lOI     lOI 

lOI 

vox 

102 

103 

102 

102 

lOI 

lOI 

• 
loi 

lOI 

IOO-2 

97     98 

98 

93 

99 

lOI 

106 

100 

100 

100 

100 

100 

IOC- 1 

100   100 

100 

XO:2 

102 

104 

103 

103 

103 

103 

103 

104 

102-3 

99     99 

99 

9^ 

100 

102 

102 

102 

102 

102 

102 

102 

102-5 

99     99 

99 

lOX 

9« 

98 

97 

97 

96 

97 

97 

97 

1009 

95     97 

99 

lOV 

95 

105 

105 

104 

103 

lOI 

100 

98 

989 

99     89 

90 

^« 

93 

98 

98 

98 

98 

98 

98 

99 

96' I 

92     92 

9J 

^-^ 

95 

100 

100 

lOI 

101 

102 

100 

lOI 

983 

96     97 

98 

^^ 

lOI 

104 

103 

104 

104 

103 

104 

104 

1005 

«     98 

98 

9^ 

lOI 

103 

103 

102 

102 

101 

lOI 

lOI 

101*5 

98     98 

100 

100 

102 

i03 

102 

102 

102 

102 

102 

102 

100-5 

9S     9S 

^i 

^7 

98 

107 

107 

107 

107 

106 

106 

105 

100-7 

Ji0                ^•r 

9S     97 

98 

^8 

98 

100 

100 

99 

99 

99 

99 

99 

IOO-6 

93     9> 

93 

9-* 

95 

97 

98 

98 

97 

98 

100 

99 

96-0 

Q7'5  97*2     97*^        9^*7      99*4    'o''4    '01-3    loi-i    loi-i    loi-i    lori  lori 
_yo— 3*2  — *'7     **7    ~~^*'    H"*"^   +^'^   +^'7   +06   +0*7    -f o-6 -I-07 


100-5 


^l^C.1*. 


Vl 


314 


U.  8.   COAST  AND  GEODETIC   SUUYEY, 


APRIL,  I8S4- 
[Incraislns  scale  te^idflaBi  contiponA  to  tatf«**^ 


loio»« 


I^ocaloiMa  time. 


Day  of 

mootli. 


I 

3 

3 
4 
5 

6 

7 
8 

9 

lO 

II 

12 

»3 
14 
15 

i6 

17 

i8 

19 

20 

21 
22 

23 
24 
25 

26 

27 
28 

29 

30 


V     So»« 


Means 
Diurnal  va- 
riation 


103  103  103  103  103  ick4 

103  103  103  102  103  103 

•102  loi  101  loi  102  103 

102  102  loi  101  lOI  lOI 

loi  102  102  102  103  104 


104    104    103     103 
106    106    106    106 


104  104 

105  106 
103  103  103  103   103   103 

104   103  [l02][l02]  [too]  [1003 

lop  loi  100  100   lOI   lOI 


99  100 

105  105 
103  103 

100  100 

103  103 

102  lOI 

too  XOI 

99  100 

94  -94 

95  95 

98  98 
100  100 

[97]  [97] 

loi  101 

104  103 

104  104 

104  104 

106  107 

99  99 
102  102 


100  100  lot  lOI 

104  105  105  106 

103  103  103  104 

100  100  100  lOI 

103  103  103  103 

101  loi  ioi  loi 

101  100  IOI  IOI 

100  100  100  icx> 

96  96)  96  96 

95  96  96  97 

98  98  99  100 

100  100  101  I02 

[96]  [96]  [97]  [95] 

101  IOI  IOI  IOI 
103  X02  103  103 

103  103  103  104 

104  104  104  105 
107  107  108  109 
100  100  100  100 

102  102  102  103 


^03 


<H 


03 

02 


01 
01 


104 

103 
103 
102 

I02 

104 
104 
103 

C98] 

99 
102 

104 

103 


9^ 
97 


100 
99 

IOI 

96 
97 


IOI 

[953 

IOI 

103 

104 
104 
108 

IOI 

1 02 


100 

C953 

100 

103 

IQ4 

103 
107 

100 


103 

IOI 
IOI 

99 
100 

IOI 

102 
100 
L96] 
95 


IOI 

102 
98 


9« 
96 

9« 

94 

95 

97 

98 

C94] 

98 

IOI 

103 

IOI 

107 
100 
100 


97       9T 
96       95 

98       9S 

98        c 

97        ' 
97 
[931 
93 

102 

IOI 

100 

99 
99 

96 

95 
97 
92 

97 

96 

[96] 

93 
96 

IOI  1 


IOI 
IOI 

106 

99 
97 


I 

I4 

( 

9 


IOI-4 101-5  101*4  101*3101*6   102*0    IOI-6     IOI- 

4-1*7+17+1*7 +1*5 +1*9    +2*2     +-1.9      _^,.^ 


993      97-6      96S 

>"4     2-2     — 2'9 


BfiPORT  FOB  I9997-PA&T  n. 
APRIL,  1884. 


Viila*  of  tdMdon  of  toab,  *Qoosssin  puts  of  V.] 


t         r- 


m 

Hi 


W    «  « 

JO)    tt  8 

KM    W  S 

♦1     ^^     ■ 


H)I 


i 


1     KX 

;;5 


i\ 


0     9i 


f'\ 


i,ir\ 


i^J 


i5r«^ 


^yi'fl' 


Load  mean  time; 

• 

t^ 

I4» 

XS* 

i6» 

XT* 

x8k 

t^ 

flok 

•ik 

aa» 

■3* 

Mid- 

Dail 
meai 

95 

96 

98 

99 

100 

102 

102 

102 

102 

102 

102 

102 

4i 
lor 

95 

96 

97 

98 

99 

102 

X02 

103 

X02 

X02 

X03 

XOX 

xa 

93 

95 

96 

97 

99 

102 

102 

102 

X02 

102 

xox 

xox 

9< 

9* 

92 

94 

96 

98 

lOI 

X02 

102 

X02 

X02 

X02 

102 

9< 

97 

96 

97 

98 

99 

103 

104 

XO4 

X04 

XO4 

104 

104 

xoi 

97 

99 

too 

102 

103 

105 

105 

X06 

X06 

106 

106 

106 

xo: 

96 

98 

100 

lOI 

102 

103 

103 

X03 

X02 

»«>3  , 

X02 

103 

xo: 

96 

H 

too 

lOI 

Id 

102 

X03 

X03 

103 

XO3 

103 

104 

XO] 

98 

98 

99 

100 

100 

XOO 

99 

99 

xoo 

XOO 

XOO 

xoo 

[9^ 

93 

94 

96 

97 

98 

99 

99 

99 

99 

99 

xoo 

xoo 

9* 

lOI 

100 

lOI 

102 

102 

102 

X02 

102 

103 

X03 

103 

104 

XO] 

100 

100 

lOI 

102 

102 

103 

102 

X02 

X02 

103 

102 

X02 

xo: 

98 

98 

98 

98 

99 

100 

100 

xoo 

xoo 

xoo 

X02 

xox 

xoc 

98 

98 

98 

98 

99 

XOI 

100 

100 

xox 

102 

X02 

X03 

9< 

99 

99 

xoo 

lOI 

99 

X02 

XOI 

XOI 

X02 

102 

102 

X02 

10] 

97 

96 

96 

^l 

98 

99 

99 

99 

98 

98 

99 

99 

9i 

94 

93 

94 

96 

96 

98 

99 

99 

XOO 

xoo 

99 

99 

9'i 

95 

94 

94 

95 

94 

96 

95 

96 

95 

96 

95 

95 

9< 

89 

^ 

89 

90 

91 

95 

96 

94 

95 

96 

96 

96 

9: 

95 

95 

95 

96 

96 

98 

99 

98 

99 

99 

99 

99 

9< 

94 

93 

94 

94 

95 

99 

99 

99 

99 

99 

99 

99 

9: 

[94]  [94] 

[94] 

[94] 

[95] 

[95] 

[961 

[97] 

[98] 

[98] 

[98] 

[98] 

[9: 

91 

91 

92 

93 

100 

100  . 

lOI 

100 

XOX 

XOI 

xox 

*03 

[9< 

94 

95 

9« 

100 

99 

104 

X04 

X04 

xos 

X06 

104 

X04 

10( 

lOI 

lOX 

lOI 

lOI 

lOI 

X03 

104 

X03 

104 

X04 

X04 

105 

xo: 

99 

99 

99 

100 

100 

xoo 

99 

100 

100 

X02 

103 

X04 

XOI 

lOI 

102 

103 

103 

103 

X04 

X04 

X04 

xoo 

4 

.  »o5 

X06 

X06 

XO' 

* 

102 

lOI 

lOI 

lOI 

XOI 

lOX 

XOI 

XOI 

xox 

xox 

XOI 

xoo 

lo; 

98 

98 

97 

98 

98 

xoo 

xoo 

xoo 

xox 

xox 

X02 

102 

9< 

95 

[95] 

[94] 

89 

[94] 

94 

93 

94 

94 

93 

92 

94 

[9< 

96*2 

964 

97-2 

97*9 

987 

xoo>4 

ioo*5 

xoo'5 

X007 

xox- 1 

XOX'X 

xox -3 

9< 

—3-5 

—3-4 

-2-5 

-1-9 

— lo 

-fo-6 

+08 

+07 

-l-i-o 

+  1-3 

-fi'4 

+1-5 

316 


U.  &  COAST  AHD  GEODETIC   BUUVKT. 


* 

- 

BiAY,  1884. 

^ 

pncreasing  scale  readings  correspond  1 

to  tscresdnc  force. 

Local 

meantime. 

• 

Dmyof 
month. 

i» 

^ 

S^ 

V 

5» 

^ 

t' 

8^ 

^ 

v^ 

11%    NOOB. 

I 

91 

92 

92 

93 

94 

95 

95 

94 

92 

9» 

[9»1  M 

2 

97 

98 

98 

98 

99 

100 

lOI 

100 

99 

93 

93      92 

3 

98 

97 

97 

97 

97 

97 

97 

95 

93 

94 

93      94 

4 

99 

99 

99 

98 

99 

100 

100 

99 

98 

97 

97      97 

5 

104 

104 

104 

105 

106 

106 

[1063 

[105]   [103] 

102 

100     100 

6 

102 

102 

lOI 

lOl 

102 

103 

103 

102 

100 

99 

99      9* 

7 

103 

103  •  102 

103 

*03 

104 

104 

103 

102 

108 

108     107 

8 

112 

112 

III 

III 

112 

112 

112 

ai2 

III 

108 

108     107 

9 

112 

III 

III 

112 

112 

"3 

113 

112 

no 

104 

103     101 

lO 

104 

104 

104 

104 

104 

104 

104 

104 

102 

96 

96      95 

II 

lOI 

102 

lOI 

lOI 

lOI 

lOI 

1 01 

lOI 

91 

87 

86      87 

12 

96 

96 

96- 

96 

96 

96 

95 

95 

94 

95 

2*  '  ?J 

13 

97 

97 

97 

97 

96 

97 

97 

97 

96 

87      88 

H 

93 

93 

93 

93 

93 

93 

93 

92 

90 

88 

88      88 

4^              t%f 

15 

92 

91 

91 

92 

92 

92 

92 

91 

89 

87 

85      86 

i6 

91 

91 

91 

92 

92 

92 

92 

91 

91 

91 

90      90 

17 

92 

92 

92 

92 

92 

92 

92 

9^ 

91 

91 

91      90 

i8 

94 

94 

94 

94 

94 

94 

93 

93 

91 

91 

92      92 

19 

95 

95 

95 

95 

9S 

95 

94 

93 

92 

93, 

93      93 

20 

94 

94 

94 

95 

95 

95 

95 

93 

93 

93 

93      93 

21 

95 

95 

95 

^1 

96 

96 

97 

97 

96 

96 

95      94 

22 

97 

97 

97 

96 

96 

97 

97 

96 

95 

95 

94      94 

23 

lOI 

lOI 

lOI 

lOI 

102 

102 

102 

102 

lOX 

lOI 

99      99 

24 

102 

102 

102 

102 

102 

103 

'03 

102 

lOI 

lOI 

too      99 

25 

102 

102 

102 

102 

102 

103 

103 

102 

lOI 

99 

99     '» 

26 

lOI 

lOI 

lOI 

lOI 

lOI 

102 

102  . 

102 

lOI 

too 

98      9« 

27 

102 

102 

103 

«03 

103 

105 

105 

105 

103 

98 

97      97 

28 

102 

lOI 

lOI 

lOI 

102 

103 

»o3 

102 

too 

99 

98      98 

29 

102 

102 

I02 

102 

103 

103 

*03 

102 

lOI 

100 

100      99 

30 

lOI 

lOI 

ICX> 

100 

lOI 

lOI 

lOI 

lOI 

100 

99 

98      9» 

31 

lOI 

lOI 

lOI 

lOI 

102 

102 

102 

102 

100      J 

100 

99       99 

Means 
Diurnal  va- 

99-1 

991 

990 

991 

99*5 

99.9 

99.9 

99-3 

• 

97'6     96'S    9j 

6  95$ 

riation 

-I-0-9  -f-o-9  +0-8  -fo-9 

-fi-3 

+17 

+17 

+1-1    - 

-cd  —J 

r-p  — 2' 

•6  —27 

SEPOBT  FOE  1892 — ^PAKT  II. 
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MAY,  1884. 
Vahie  of  t  dirlaloii  of  •cale,  '000091  In  ports  of  V.] 

Local  mean  dmOi 


«3»        14* 

«5* 

1^ 

17* 

18k 

«9^ 

M^ 

S|k 

n^ 

•3* 

Mid- 
night 

DaUy 
means. 

[90  [9n 

C91] 

98 

[97] 

96 

95 

95 

96 

^ 

97 

98 

d. 

[95-0] 

92    9^ 

93 

94 

95 

97 

97 

98 

98 

98 

99 

99 

967 

94    94 

94 

95 

96 

99 

99 

99 

100 

100 

100 

100 

96-6 

97  97 

98  99 

98 

98 

99 

103 

103 

103 

104 

104 

105 

105 

99.9 

99 

99 

100 

102 

102 

»o3 

103 

104 

104 

103 

[I02-53 

98       9« 

99 

99 

102 

103 

103 

103 

>o3 

i03 

104 

104 

101-3 

106     105 

X06 

108 

108 

no 

no 

no 

no 

III 

III 

112 

106-5 

loy     109 

XIO 

III 

III 

X12 

III 

III 

112 

112 

112 

112 

IIO-8 

loi     102 

»03 

105 

106 

105 

105 

105 

105 

105 

105 

ros 

106-9 

94       95 

97 

99 

100 

102 

i02 

102 

102 

102 

103 

103 

100-9 

87      8S 

87 

87 

88 

94 

95 

94 

96 

95 

95 

96 

94-2 

95 

97 

95 

98 

97 

97 

97 

97 

97 

97 

95-8 

88      89 

89 

90 

91 

92 

92 

92 

92 

92 

92 

93 

92-8 

S$      8^ 

89 

89 

2° 

92 

91 

92 

92 

92 

93 

93 

91-X 

S7      »7 

87 

88 

89 

90 

90 

89 

90 

90 

90 

91 

89-5 

• 

89     »Q 

90 

9<> 

91 

92 

91 

91 

9« 

91 

92 

92 

91-0 

89     »» 

88 

90 

91 

92 

93 

93 

93 

93 

93 

94 

915 

92     ^2 

9a 

92 

93 

94 

94 

94 

94 

94 

95 

96 

93-2 

94      03 

93 

93 

94 

94 

94 

94 

^ 

94 

95 

94 

93*9 

94      ^4. 

94 

95 

95 

97 

97 

96 

96 

96 

96 

96 

947 

94      Q3 

94 

95 

96 

97  • 

97 

97 

97 

97 

96 

96 

957 

94      ^4 

94 

96 

96 

100 

100 

lOI 

102 

102 

102 

102 

97*2 

99      ^^ 

lOI 

lOI 

lOI 

101 

lOI 

lOI 

lOI 

102 

102 

102 

lOfO 

100    10 1 

101 

lOI 

XOI 

102 

102 

102 

102 

«03 

103 

103 

IOI7 

99    »«> 

100 

lOI 

too 

100 

lOI 

lOI 

lOI 

lOI 

lOI 

lOI 

loi-o 

98       9^ 

100 

xoo 

too 

102 

102 

102 

103 

103 

103 

103 

lOfO 

98       98 

99 

99 

99 

100 

100 

lOI 

lOI 

100 

lOI 

lOI 

100-8 

98       99 

99 

99 

100 

lOX 

lOI 

lOI 

102 

102 

102 

lOI 

ioo'6 

100     lOI 

lOI 

lOI 

lOI 

lOI 

102 

lOI 

101 

lOX 

102 

lOI 

1013 

98       99 

100 

100 

100 

lOX 

101 

lOI 

lOI 

lOI 

lOI 

lOI 

IOX-2 

99       99 

[too]  [100]  [100]  [100] 

[100]    [lOO] 

100 

lOI 

100 

99 

[100-3] 

95-4    957 

96-2 

97-1 

97-6 

99*0 

99-0 

99-0 

99-3 

99*4 

997 

99-^ 

98-2 

—2-8  — 2-5 

— 2*0 

— I'l 

-0-6 

+0-8 

4-oS 

+0-8 

+I-I 

+  1-2 

+i-S-hi-6 

3i8 


U.   a   COABT  AND  GEODETIC    SUaVEill, 


JUNE,  18H4. 
[Increasing  scmle  readinsm  coTreapcmd  lo  lncw«it»*^w«- 


Local] 

mean  time 

« 

^     \ 

Dav  of 
month. 

i» 

^ 

3^ 

4* 

5» 

6^ 

7^ 

■^            «^           w* 

11^   ^wa      \ 

I 

98 

98 

97 

98 

100 

100 

100 

^ 

98 

96        9S     * 

2 

94 

94 

93 

94 

95 

96 

96 

96 

94 

8S        &7      qp 

3 

92 

90 

89 

90 

90 

90 

90 

90 

89 

87      87    %^ 

4 

9i 

90 

89 

88 

88 

89 

89 

88 

87 

86        86      S7 

5 

95 

95 

94 

94 

93 

95 

95 

94 

93 

90        88      &7 

6 

99 

98 

98 

97 

97 

9f 

9S 

97 

96 

94        93      92 

7 

98 

98 

98 

98 

97 

9S 

99 

98 

96 

92        93      93 

8 

101 

100 

100 

99 

100 

100 

lOI 

101 

100 

96        96      96 

9 

"7 

116 

116 

117 

"7 

117 

"7 

117 

116 

III       ill     113 

10 

"5 

114 

ii3 

««3 

"3 

114 

»14 

"4^ 

»»3 

112      III     no 

II 

116 

"5 

"5 

"4 

114 

i»5 

"4 

"3 

112 

109      107    106 

12 

109 

108 

108 

108 

108 

108 

108 

107 

105 

104      104    103 

»3 

104 

103 

103 

102 

102 

102 

102 

lOI 

96 

92       91      92 

14 

94 

93 

92 

92 

V 

9» 

9» 

9« 

90 

87       S6     86 

«5 

91 

91 

90 

90 

89 

«9 

»9 

88 

88 

85       8S      8s 

16 

95 

95 

94 

94 

94 

94 

94 

9» 

90 

88       88     92 

17 

104 

104 

104 

103 

104 

105 

104 

»03 

99 

91       89     91 

18 

102 

102 

102 

102 

102 

loa 

102 

100 

98 

95      92     91 

»9 

103 

102 

103 

i03 

103 

104 

»03 

102 

100 

98      96     97 

20 

104 

104 

104 

104 

104 

104 

105 

104 

»03 

100     101     lOI 

21 

106 

106 

105 

105 

106 

107 

106 

106 

104 

105     105     105 
105     105     104 
100      99     98 

1 01       103      lOJ 

109     109    no 

22 

109 

109 

109 

109 

109 

109 

109 

109 

108 

.    23 

107 

106 

«o3 

106 

104 

104. 

«03 

104 

103 

24 
25 

106 
112 

105 
III 

105 
no 

105 
no 

»o3 
no 

«03 
109 

■03 
no 

»o3 
110 

«03 
no 

26 
27 

118 
106 

116 

105 

"4 
104 

112 

104 

III 

104 

no 
«o5 

III 

105 

III 

105 

103 

100 

9« 

102 
lov 

96      96     96 
99      96     95 

'03     105    no 

28 
29 
30 

106 
102 

lOI 

105 
100 

lOI 

99 
99 

103 
100 

99 

103 

100 

98 

104 

99 
99 

'03 

100 
9« 

99 

Means 
Diurnal  va- 

103*2 I02'5 

102*1 

ioi*8 

ioi'6 

102*0 

102-0 

» 

loi-^ 

99'7 

9^-9    96-3   96-9 

riation 

-j-1'6  +0'9  +0'5  +0'2 

0^ 

4-0-4. 

+0-4 

— 0-2 

—'"9 
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U.  &   COAST  AND  GEODETIC    BUBYET. 


Day  of 
moath. 


I 

2 

3 

4 

5 

6 

7 
8 

9 
lo 

II 

12 

13 
14 
15 

l6 

17 
i8 

19 

20 

21 
22 

23 
24 
25 

26 
27 
28 
29 

30 
31 


JULY,  1884. 
[looremsliic  tcale  readings  ooimpond  to  Incniibi 


Local  mean  time. 


Means 
Diurnal  va 
riation 


8^ 


id'   u* 


104  103  lOI  lOI 
106  103  103  102 

tio4][io33[i"o2][xoi]  [ 
103  102  lOI  lOI 


113  112 

106  105 

107  106 
112  III 
IIO  IIO 

118  119 

IIO  IIO 

106  106 

104  104 

99  98 


lOI 

91 


lOI 

90 

128  127 

103  lOI 

97  95 

loi  100 
106  105 

113  »" 
104  103 

99   99 

98  97 
102  loi 


99 
95 


98 
95 


103  103 


112  112 

104  104 

105  104 
no  109 
109  108 

118  118 

109  109 

105  106 

102  102 

97  96, 

98  97 
90  89 

126  126*^ 

loi  99 

94  93 

98  98 

105  105 

no  109 

103  103 
98  99 

96  95 

100  98 

98  96 

95  95 
103  103 


00 
01 


10 
04 

04 

09 
08 

17 
08 

06 

01 

95 


95 

89 
125 

98 
94 

98 
105 
109 
103 

99 

96 

99 

97 

95 
103 


100 
too 


100 
100 


lOI 

99 


01]  [loi]    [loij  [100] 
01       102        102        102 


III 
104 
104 
108 
107 

117 
109 
106 
100 
94 

95 

90 

125 

98 
94 

98 
106 
109 
104 

99 

96 

99 

97 

95 
103 


III 

104. 
106 
109 
107 

III 
103 


96 

91 
126 

99 
94 

9« 
108 
109 
104 
100 


III 
104. 
105 
109 
107 

109 
102 
100 

94 

96 

89 
125 

98 
94 

97 
107 

109 

loi 

99 


102 

101      101 

99 

m  f9 

"[99I 

[97]    V 

101 

lOI      ic 

108 

95      ! 

lOI 

98      ^ 

104 

102       1< 

102 

100 

107 

107       I 

"3 

107       1 

106 

99 

9« 

93 

99 

97 

93 

96 

90 

84 

87 

80 

119 

9$ 

92 

78 

91 

90 

94 

89 

102 

94- 

lOI 

9« 
96 


93      92      92      90       91        90 


104-5  1037  I02*8  102*3 

+2-8+r9+i'i  +0-5 


102*0    I02'0 
+0'3    +0-2 


I02«I      101-5 


+0-4     0-3     —J. 


^'3-^'^ 


N   ^, 
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Vaiue  of  I  diTiaion  of  scale  *oooo86  in  parta  of  V.] 

Local  mean  time. 
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«3* 

14^ 

15* 

x6k 

«7^ 

i8k 

19* 

M» 

ai^ 

aa^ 

•3* 

Mid- 
night. 

Daily 

means. 

'03 

105 

105 

107 

108 

116 

"5 

"5 

114 

112 

no 

107 

d, 
1055 

l'o«3  [102]  [103]  [104]  [los]  [106]  [107]  [106]  [105]  [105]  [105]  [los] 

[1027] 

"9s 

•98 

99 

lOI 

102 

104 

105 

los 

Tos 

103 

103 

102 

[lOIO] 

103 

104 

106 

no 

112 

118 

118 

"7 

116 

"5 

"5 

ii5 

107-0 

9S 

99 

lOI 

104 

105 

no 

109 

108 

108 

106 

106 

105 

1058 

10  X 

103 

105 

108 

109 

III 

III 

III 

III 

no 

109 

107 

1053 

105 

107 

109 

no 

ii3 

"3 

114 

"4 

114 

114 

112 

1074 

10  X 

102 

104 

105 

109 

112 

III 

112 

112 

in 

III 

no 

1074 

n^^ 

no 

112 

114 

"5 

120 

120 

120 

119 

120 

119 

113 

112*2 

[(V8 

109 

III 

III 

112 

"3 

"4 

"3 

112 

112 

112 

112 

112*9 

9^ 

99 

lOI 

108 

109 

109 

108 

107 

104 

104 

104 

105 

105*6 

^^^ 

97 

98 

98 

100 

102 

108 

109 

106 

105 

106 

103 

102*0 

^^^ 

97 

99 

100 

102 

103 

102 

102 

lOI 

100 

99 

99 

lOO.O 

>^ 

^ 

99 

too 

103 

106 

106 

105 

104 

102 

100 

100 

988 

1? 

91 

P 

?3 

95 

97 

98 

98 

97 

95 

93 

^i 

93*9 

82 

84 

86 

113 

134 

»35 

X34 

>33 

132 

130 

128 

IOO-8 

^^ 

99 

100 

102 

105 

109 

109 

109 

106 

105 

104 

103 

iio*9 

85 

88 

90 

91 

98 

lOI 

102 

lOI 

102 

100 

99 

94*4 

^S 

96 

97 

lOI 

102 

106 

106 

106 

105 

104 

»03 

lOI 

97*6 

d^:^ 

94 

97 

99 

lOI 

III 

112 

112 

III 

III 

109 

107 

lOO'I 

n 

99 

lOI 

107 

109 

116 

"5 

114 

114 

114 

"5 

n3 

106*2 

92 

^ 

96 

99 

lOI 

103 

103 

103 

103 

103 

103 

101*3 

^5 

96 

98 

99 

100 

lOI 

102 

100 

lOI 

100 

lOI 

lOI 

loo-o 

^x 

92 

94 

96 

97 

lOI 

lOI 

102 

100 

100 

99 

98 

970 

^0 

92 

94 

98 

100 

105 

106 

106 

105 

104 

103 

102 

970 

^8 

88 

92 

95 

97 

lOI 

102 

102 

100 

99 

99 

98 

96*1 

^7 

89 

91 

93 

93 

96 

96 

96 

96 

96 

95 

94 

937 

91 

94 

98 

100 

102 

106 

105 

105 

104 

104 

104 

102 

969 

^5 

97 

99 

102 

102 

102 

102 

lOI 

99 

97 

97 

1 

94 

99-8 

^ 

92 

94 

95 

98 

98 

99 

99 

99 

99 

99 

98 

929 

95'3 

969 

988 

lOI-O 

103*5 

1075 

io8*o 

1078 

io6-8 

io6*i 

105-6 

104-4 

ioi*7 

-64 

—4-9 

— 2*9 

— <y8 

+1-8 

+57 

+6-3 

-f6o 

+5-1 

+4-3 

+3-9 

+2-6 

8.  Ex.  37 ^31 
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U.   8.   COAST  AND   GEODETIC    SUBYEY. 


AUGUST,  1884- 

(Increasing  scale  reaiHnga  correspond  to  Ifuxtftriof  fane. 
Local  mean  tin&e. 


Day  of 
month. 

i» 

^ 

3* 

4^ 

5* 

^ 

7^ 

8^ 

9^ 

IC^ 

s^    Noon. 

I 

97 

97 

97 

97 

98 

99 

99 

97 

92 

84 

83 

S 

2 

94 

92 

92 

92 

93 

94 

94 

92 

88 

82 

81 

84 

3 

88 

87 

87 

86 

87 

87 

87 

87 

87 

84 

84 

85 

4 

107 

107 

106 

105 

105 

**^l 

105 

105 

103 

101 

W3 

105 

5 

III 

109 

109 

108 

108 

108 

108 

107 

105 

102 

»03 

m 

6 

114 

ii3 

"3 

112 

112 

112 

112 

112 

no 

107 

109 

III 

7 

"5 

114 

114 

"3 

112 

112 

"3 

112 

106 

104 

104 

106 

8 

119 

119 

119 

116 

116 

"5 

i>4 

112 

106 

99 

98 

lOI 

9 

109 

108 

108 

107 

106 

106 

106 

105 

102 

96 

95 

t 

10 

102 

lOI 

lOI 

lOI 

lOI 

lOI 

I02 

99 

94 

82 

84 

85 

II 

100 

99 

100 

99 

99 

100 

100 

98 

93 
91 

86 

87 

88 

12 

96 

96 

96 

96 

96 

97 

97 

95 

80 

82 

83 

13 

95 

95 

95 

95 

94 

94 

94 

92 

89 

74 

74 

74 

14 

^l 

9" 

91 

91 

90 

90 

90 

9& 

84 

78 

80 

81 

IS 

96 

96 

96 

95 

95 

96 

96 

96 

94 

92 

94 

95 

16 

112 

"3 

112 

III 

III 

112 

112 

III 

108 

107 

109 

no 

17 
18 

"3 
106 

112 
105 

112 
104 

112 
104 

III 

105 

III 

106 

III 

107 

109 
105 

98 
103 

99 

97 

94 
100 

94 

lOI 

94 
102 

19 

107 

105 

105 

105 

105 

IDS 

105 

105 

96 

95 

96 

20 

100 

99 

97 

99 

100 

lOI 

lOI 

98 

97 

97 

98 

21 

105 

104 

102 

lOI 

102 

1 01 

102 

voo 

96 

90 

97 
no 

90 

9» 

22 

97 

95 

94 

92 

92 

91 

9» 

92 

94 

1*3 

97 
114 

100 

102 

23 

119 

119 

"5 

114 

114 

XI4 

114 

114 

108 

10& 

24 

107 

107 

105 

105 

105 

106 

104 

100 

88 

S6 

»7 

25 

122 

122 

121 

120 

121 

122 

120 

119 

»03 

lOI 

i^:^ 

26 

27 
28 
29 

109 

99 
94 

87 

108 

99 
92 

85 

106 
98 
89 
85 

106 

98 
88 

84 

107 
99 
87 
84 

107 
100 

86 

84 

106 
f5 

105 

99 

78 

If 
«4 

77 
83 
S3 

$2 
77 

$2 

30 

91 

90 

90 

90 

89 

89 

89 

86 

$2 

% 
i 

31 

100 

99 

99 

100 

100 

100 

lOI 

100 
K>-i       9< 

91 

86 

85 

Means 
Diurnal  va- 

103-3 

1025 

101-9 

101*4 

ioi'4 

I0I-6 

I0I-6    ic 

5*3     9'5    9'*^ 

92* 

riation 

+2-6 

+1-8 

-f  1-2 

+07  +07 

+0-9 

+0-9    _ 

0-6    —44   ^ 

•2  —9'i     ^ 



— 7'S 

BEPOBT   FOB   1892 — ^PABT   IL 
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AUGUST,  1884. 


Valae  0/  x  ^vision  af  scale,  *oooo8s  In  parts  of  V.] 


Local  mean  time. 


I3»       X4» 

»s* 

s6k 

17* 

z8k 

«9^ 

flok 

aik 

la^ 

•3^ 

Mid- 
night 

Daily 
means. 

85     S6 

«7 

91 

93 

95 

96 

96 

96 

94 

94 

94 

d. 
929 

'84     86 

«9 

9« 

92 

93 

93 

92 

92 

92 

91 

90 

90-1 

86     89 

^2 

94 

98 

106 

106 

106 

107 

107 

107 

107 

934 

107    108 

no 

XII 

III 

112 

112 

112 

112 

III 

III 

no 

1077 

104   107 

no 

X12 

"3 

"4 

"4 

114 

"4 

"4 

"4 

"4 

109-4 

112   112 

113 

"5 

116 

1x6 

116 

116 

116 

116 

"5 

114 

1131 

108   III 

"3 

115 

"5 

120 

119 

119 

119 

119 

118 

118 

113-3 

107   109 

loS 

109 

109 

III 

III 

1 10 

no 

no 

no 

109 

IIO-3 

98     98 

103 

105 

106 

106 

106 

104 

105 

105 

104 

«03 

1036 

87     90 

9* 

94 

96 

99 

98 

98 

98 

98 

99 

98 

95-8 

9'     93 

9^ 

97 

99 

98 

97 

98 

97 

96 

97 

96 

960 

85     86 

88 

2^ 

91 

97 

97 

96 

95 

94 

94 

94 

92-2 

76     79 

«3 

84 

86 

91 

92 

^i 

^l 

90 

90 

91 

87-9 

81     82 

83 

.92 

95 

99 

99 

98 

98 

97 

96 

95 

902 

98     99 

lOX 

103 

107 

114 

"5 

"5 

"4 

"4 

"3 

112 

101-9 

flO     III 

XX3 

116 

118 

119 

118 

118 

"7 

"5 

t»4 

"3 

112-9 

96    100 

X03 

107 

108 

III 

III 

no 

109 

109 

108 

107 

106-2 

'03    104 

105 

106 

108 

109 

109 

108 

108 

108 

108 

108 

105-5 

96     96 
'00    loa 

96 

lOI 

102 

104 

los 

104 

104 

104 

103 

lOI 

IOI-8 

■^ 

106 

107 

107 

107 

108 

107 

106 

106 

105 

102-0 

93      95 
<>3     106 

^e 

99 

103 

106 

107 

105 

103 

102 

100 

96 

99*5 

108 

108 

109 

116 

118 

"7 

"7 

119 

118 

118 

103-9 

09     109 

36        109 

109 

III 

112 

114 

112 

no 

no 

109 

107 

107 

111-7 

^» 

93 

13s 

131 

130 

129 

128 

*I26 

125 

123 

107-7 

XXX 

114 

116 

117 

X16 

"5 

"3 

III 

109 

109 

"3*9 

^       It 

moo 

103 

105 

107 

105 

104 

103 

lOX 

100 

100 

102-0 

93 

f 

99 

104 

lOI 

100 

98 

V 

94 

94 

94-8 

§6 

87 

89 

92 

92 

91 

89 

89 

86 

86 

85-9 

89 

91 

91 

94 

95 

94 

93 

93 

92 

9» 

87-8 

90 

93 

95 

103 

104 

103 

103 

102 

102 

lOI 

92-2 

S7          «9 

9» 

3     9»-6 

94 

96 

100 

100 

100 

99 

99 

98 

98 

95*8 

06 

100-9 

1039 

io6*6 

1065 

105-8 

1053 

1047 

104*0 

1033 

100-7 

r^— *-» 

+0*2 

+3-2 

+5-9 

+5-8 

+5-1 

H-4-6 

H-4-0 

H-3-3 

-f2-6 
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U.   8.   COAST  AND   GEODETIC   SUEVEY. 


Day  of 

month. 


I 

a 

3 
4 
5 

6 

7 
8 

9 

10 

II 

12 

»3 
»4 
15 

i6 

17 
i8 

19 

20 

31 
22 

23 
24 
25 

26 

27 
28 

29 

30 


SEPTEMBER,  1884. 

[Increuing  scale  readingt  correipoiid  to 
Local  mean  tim«. 


taicreannc  forot 


/^ 


Means 
Diurnal  va- 
nation 


98  98 

107  107 

106  106 

97  97 

100  100 

106  105 

91  89 

93  92 

96  96 

95  93 

103  103 

III  III 

fi6  114 

109  109 

lOI  lOI 


99  98 

107  107 

107  106 

98  98 

loi  100 

105  105 

89  89 

91  90 

96  95 

94  93 

103  104 

no  no 

"5  "5 

no  109 

102  lOI 


100  99  99  100 

100  99  100  100 

98  97  97  96 

94  93  92  92 

93  93  93  92 


104  104 

los  105 

116  115 

loi  100 

98  98 

97  97 
104  105 

99  100 

94  94 

98  97 


104  104 

105  105 
115  114 

100  100 
98  98 

97  97 

104  103 

101  100 

95  95 

97  97 


100 

108 

107 

98 

lOI 

los 
88 

90 
94 
93 

104 
III 

"4 
109 

lOI 

99 
100 

97 
92 
92 

103 
105 

"5 

100 

98 

96 
104 
100 

95 
97 


lOI 

108 
108 

99 
102 

105 
88 

91 
94 
95 

104 
III 

"3 
109 

100 

too 

99 
98 

93 
93 

104 
106 
116 
102 
98 

97 
105 

100 

96 

99 


^ 


v^ 


ix^    Noon. 


102 

109 

107 

100 

102 

105 
88 

9» 


101 
X08 
X07 
98 


104 
89 
93 


III 

"3 
X09 


97 
92 

93 

105 
107 

"5 


98 

97 
105 

100 

98 

99 


104 
no 
III 
106 
100 

98 

97 
95 
9» 
93 

105 
107 

"3 

lOI 

97 

96 
107 

XOI 

98 

lOI 


99 
105 

100 

93 
loi 

102 
83 

lOI 

92 
92 


104 

X09 
no 


93 

102 

9S 
»9 
9» 


93 
102 

9S 
91 


9*. 


*7 

78 
97 
84 

9» 


9^ 


104  103 

108  109 

104  104 

97  91 

95  9^ 


98 
94 
91 


103 
107 
no 

99 
95 

97 


9« 

97 
vol 


98 

89 

85 
86 

9« 

X02 
105 

99 
96 

92 

94 
92 

95 
99 


98 

90 

84 
86 

91 

102 

104 

98 
94 
92 

94 
92 

%e 

94 
99 


ioioioo'6ioo-8 100-4   ioo-5    loi-i     101-2     100-7       98-9      94-4     ^.j 

+f  I  H-o-7 -fo-9 +0-5   H-o-6  +1-2    4-1-3     4-0-8    — i-o    —S'S   —5-6 
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SEPTEMBER,  1884. 


Value  of  I  dlTislon  of  scale,  *oooo8o  in  parts  of  V.] 


Local  metm  tlma. 


X3* 

M» 

15* 

t^ 

XT' 

i8k 

19* 

M» 

9xk 

n^ 

•3* 

Mid. 
night. 

Daily 
means. 

96 

98 

102 

104 

105 

109 

I  to 

no 

109 

108 

108 

107 

d, 
ior8 

103 

104 

106 

107 

107 

107 

106 

106 

106 

106 

107 

107 

1060 

97 

97 

98 

98 

98 

99 

99 

100 

99 

98 

98 

97 

IOO-8 

95 

98 

99 

99 

100 

100 

100 

I02 

lOI 

lOI 

100 

xoo 

977 

99 

100 

lOI 

104 

104 

105 

105 

106 

105 

106 

105 

X06 

I02-0 

89 

90 

90 

92 

92 

02 

92 

92 

93 

92 

9' 

91 

95*9 

83 

85 

87 

88 

91 

'91 

[91] 

[92] 

[92] 

[92] 

[93] 

[93] 

[878] 

96 

98 

99 

lOI 

lOI 

lOI 

100 

99 

99 

98 

98 

97 

96*1 

85 

88 

90 

92 

93 

97 

96 

96 

94 

96 

96 

95 

925 

93 

94 

95 

100 

lOI 

105 

105 

104 

104 

104 

105 

105 

97-2 

104 

106 

107 

108 

109 

114 

114 

"4 

"1 

"3 

112 

112 

107-0 

no 

no 

112 

"3 

114 

117 

"7 

"7 

116 

1x6 

.  "5 

X14 

112-1 

105 

106 

107 

108 

109 

112 

"3 

1x4 

X12 

XIO 

III 

109 

1 10-4 

97 

99 

100 

lOI 

102 

105 

106 

105 

105 

104 

103 

103 

103-9 

97 

97 

98 

98 

99 

103 

104 

104 

104 

i03 

102 

XOI 

loo-i 

98 

100 

lOI 

100 

lOI 

103 

f03 

103 

103 

103 

102 

lOI 

1002 

90 

94 

94 

94 

97 

99 

99 

100 

102 

99 

99 

98 

967 

87 

90 

91 

93 

93 

^l 

97 

97 

97 

95 

97 

95 

93*6 

88 

9f 

.92 

92 

92 

96 

96 

96 

96 

95 

95 

95 

92-2 

92 

94 

96 

97 

100 

106 

106 

X06 

106 

106 

X06 

X06 

970 

lOI 

102 

104 

106 

106 

106 

107 

107 

106 

X06 

107 

106 

104-4 

103 

104 

106 

107 

107 

117 

117 

116 

116 

X16 

116 

"5 

1085 

99 

lOI 

102 

104 

X04 

104 

104 

104 

103 

103 

102 

102 

106-5 

96 

98 

100 

100 

lOI 

102 

102 

102 

100 

100 

99 

99 

99*5 

92 

93 

96 

97 

98 

98 

97 

97 

97 

97 

97 

97 

96*2 

96 

99 

100 

lOI 

lOX 

106 

106 

106 

106 

105 

104 

105 

99-5 

93 

"  94 

95 

97 

98 

99 

99 

99 

99 

99 

99 

99 

995 

86 

87 

90 

92 

93 

95 

95 

95 

95 

94 

95 

95 

945 

94 

95 

96 

98 

99. 

lOI 

102 

lOI 

100 

99 

100 

99 

970 

99 

100 

100 

100 

102  •  104 

104 

104 

103 

103 

103 

103 

1003 

954 

971 

985 

997 

ioo'6 

I02'9 

103- 1 

103-1 

1027 

I02*2 

I02-2  1017 

99.9 

—4-5 

-^2-8 

—1-4 

—0*2 

+07 

+3-0 

+3*2 

+3-2 

4.2-8 

+2-3 

+2-3 +1-8 
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U.  S.   COAST  AND   GEODETIC  SUBVET. 


OCTOBER,  1SS4. 


[Increasing  scftle  readings  corres^^nd  to  increasing  I 
Local  mean  time. 


Day  of 

month. 

i» 

^ 

3^ 

4» 

5* 

6k 

7» 

«k 

9* 

lok 

ii»  i 

I 

103 

103 

102 

102 

102 

102 

lOI 

lOI 

100 

100 

100  ] 

a 

105 

104 

103 

104 

103 

lOI 

lOI 

98 

98 

98 

99 

3 

102 

lOI 

lOI 

100 

100 

100 

100 

100 

98 

95 

94 

4 

96 

95 

95 

94 

93 

93 

94 

94 

94 

91 

90 

5 

95 

95 

93 

93 

93 

93 

92 

93 

93 

• 

94 

93 

6 

97 

96 

9§ 

95 

94 

94 

94 

94 

94 

93 

92 

7 

ICX3 

99 

98 

97 

96 

95 

95 

96 

95 

95 

94 

8 

lOI 

lOI 

100 

100 

100 

100 

100 

lOI 

V  102 

102 

lOI   I 

9 

no 

no 

no 

109 

109 

109 

109 

109 

108 

105 

104  I 

10 

107 

107 

106 

106 

106 

106 

106 

106 

105 

lOI 

100 

II 

106 

>o5, 

105 

105 

105 

los 

104 

105 

104 

lOI 

99 

12 

104 

104 

104 

104 

104 

los 

104 

104 

103 

lOI 

100  1 

13 

lOI 

102 

102 

103 

103 

103 

103 

lOI 

100 

96 

95 

14 

96 

94 

95 

95 

95 

96 

96 

95 

93 

92 

92 

IS 

97 

96 

95 

96 

95 

96 

96 

96 

94 

92 

91 

16 

93 

93 

92 

92 

92 

93 

94 

.94 

92 

90 

89 

17 

94 

94 

94 

93 

92 

92 

91 

92 

90 

89 

88 

18 

94 

94 

93 

93 

93 

93 

93 

93 

91 

87 

86 

19 

91 

91 

91 

91 

90 

91 

91 

92 

89 

52 

•  88 

20 

92 

92 

92 

91 

91 

92 

93 

92 

89 

88 

87 

21 

92 

91 

91 

91 

91 

91 

91 

91 

91 

90 

89 

22 

95 

95 

94 

94 

93 

95 

96 

96 

97 

100 

100 

23 

107 

108 

107 

108 

108 

107 

107 

107 

106 

108 

108 

I 

24 

112 

III 

no 

no 

no 

no 

no 

III 

109 

108 

107 

25 

"3 

"3 

"3 

"3 

"3 

"3 

"3 

112 

in 

108 

106 

1 

26 

112 

112 

112 

III 

III 

112 

"3 

"3 

III 

108 

107  - 

27 

no 

no 

108 

108 

108 

no 

109 

108 

107 

104 

103 

28 

107 

107 

116 

107 

107 

loS 

108 

107 

104 

99 

98 

29 

103 

103 

103 

103 

103 

103 

104 

•4 

lOI 

96 

95 

30 

lOI 

100 

99 

99 

99 

100 

100 

lOI 

99 

95 

94 

3» 

99 

100 

100 

100 

100 

100 

100 

109 

97 

1 

95 

93 

Means 

lOI'I 

IOO-8 

ioo'6 

100-2 

lOO'O 

100-3 

IOO-3 

IOO-2 

989 

971 

96*2  i 

Diurnal  va- 

riation 

-f  1-5  4-1-2 

-|-I'0 

+06 

+0-4 

+07 

+07 

+0-6 

-0-7 

-2-5 

—3*4  - 

JUNE,  1885. 

(Increasing  scale  readings  correspond  to  increasing  f 
Local  mean  time. 
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3N  THE  MEASUREMENT  OF  THE  HOLTON  BASE,  HOLTON,  RIPLEY 
COUNTY,  INDIANA,  AND  THE  ST.  ALBANS  BASE,  KANAWHA  COUNTY, 
WEST  VIRGINIA. 


PREFATORY  NOTE. 

The  two  ohains  of  the  transoontinental  triaiigalation  near  the  thirty-ninth  paral- 
M,  wMoh  had  been  carried  westward  from  Chesapeake  Bay  and  eastward  from  the 
Mississippi,  having  reached  a  junction  upon  a  line  in  the  State  of  Indiana  in  Septem- 
her,  1890,  l^e  measurement  of  a  base  of  verification  became  desirable. 

A  reconnoissance  made  by  Assistant  A.  T.  Mosmau  under  instructions  from  the 
Superintendent  for  the  purpose  of  finding  a  suitable  site  for  this  measurement,  re- 
sulted, after  a  few  examinations,  in  the  selection  of  a  locality  near  the  town  of  Hoi- 
ton,  Ripley  County,  Indiana. 

In  the  spring  ot  1891  preliminary  arrangements  for  the  measurement  were  begun 
by  Mr.  Moaman,  to  whom  had  bften  assigned  the  charge  of  the  party  and  the  general 
<iirection  of  its  ox>erations. 

It  was  decided  that  this  measurement  should  be  conducted  in  such  a  way  as  to 
obtain  most  thorough  tests  of  the  relative  merits  of  several  forms  of  base  apparatus. 
To  this  end  the  charge  of  the  measurements  with  the  metallic  tapes  and  with  the 
iced  bar  apparatus,  and  the  experimental  work  with  the  100-metre  comparator  was 
lutsigned  to  Assistant  R.  6.  Woodward,  while  the  conduct  of  the  measurement  with 
the  new  secondary  contact-slide  apparatus  was  committed  to  Assistant  O.  H.  Tittmann. 

The  reports  from  these  officers  which  follow  elucidate  fully  the  methods  of  meas- 
urement adopted  and  their  results. 

They  are  nere  published  as  prepared  quite  independently  by  Assistants  Wood- 
▼ftrd  and  Tittmann.  Each  contains  the  details  required  to  enable  the  reader  to  form 
^0  independent  Judgment  of  the  accuracy  of  the  metliod  employed  and  to  reach  his 
^^n  conclasions  as  to  relative  merits.  It  may  be  well,  however,  to  invite  attt^ntion 
^one  or  two  inferences  in  relation  to  essential  points,  the  correctness  of  which  will 
oe  admitted^  it  is  believed,  by  all  who  are  familiar  with  the  subject. 

*}  is  evident  that  either  or  the  two  principal  methods  of  base  measurement  de- 
^ribed,  namely,  the  use  of  tlie  tape  and  the  so-called  ^*  secondary  apparatus,  "  will 
^^e  an  accuracy  entirely  sulhcient  for  any  demands  likely  to  arise.  In  both  cases 
p  Appears  that  the  probable  error  derived  from  the  range  of  different  measures  is 


"^iQ  the  two  here  considered  is  capable  of  giving  as  good  results,  when  accuracy 

^d  expense  are  both  included.    The  use  of  an  iced  bar,  applied  to  the  measurement 

^  ^^nsiderable  distances  for  the  first  time  in  the  Holton  Base,  is  unquestionably  the 

^othod  of  highest  precision,  and  its  cost  is  not  believed  to  be  greater  than  that  of 

orS*^  methods  in  use  in  Europe,  but  it  will  not  be  found  necessary  to  resort  to  it  in 

^iDary  practice,  except  for  the  purpose  of  standardization  as  here  described.    The 

j^®tallic  tape  is  not  only  capable  of  giving  a  result  of  ^eat  accuracy  when  in  the 

^^nds  of  experts,  but  it  is  evidently  the  best  device  tor  rapid  base  measurement 

^here  no  great  precision  is  aimed  at.    As  to  the  cost  of  the  ' 'tape-line  method"  and 

fiat  of  the  "  secondary  apparatus,"  when  the  accuracy  required  is  one  part  in  from 

^hundred  to  five  hundred  thousand,  there  can  be  little  difiference. 

i/3iibsequent  to  the  measurement  of  the  Holton  Base,  a  check  base  in  West  Virginia, 

5^.^^n  as  the  St.  Albans  Base,  was  measured  by  Assistant  Woodward,  the  tape  line 

P^^^g  used  and  the  conditions  being  such  as  to  render  it  easy  to  determine  quite 

•ccurat^ly  the  cost  of  the  work. 

l^he  Qse  of  the  secondary  apparatus  at  Holton  having  been  continuous,  when  it 

i*^  once  begun,  the  circumstances  were  such  that  a  very  good  measure  of  the  cost 

I  that  work  is  also  possible.     When  these  results  are  compared,  it  is  found  that 

.^der  ordinary  conditions  both  time  and  cost  of  the  two  methods  would  be  essen- 

.v^  .7  ^^0  same.    Local  peciiliaritieiv  will  therefore  usually  determine  which  method 

*M  be  used. 

T.  C.  Mendexhall, 

Sup  w  Vw\«\\^««X  • 
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MEASUREMENT  OP  THE  HOLTON  BASE. 
I.    EXTBAOTS    FBOM    THE    RECORDS    AND    FROM    THE    BEPOETS  ( 

A.  T.  MosMAN,  Assistant. 

LOCATION  OF  BASE  LINE,  MARKINaS,  ETC. 

The  primary  base  line  in  Bipley  County,  Ind.,  laid  out  by  my  part] 
in  October  and  November,  1890,  was  located  on  the  high  and  nearlj 
level  table  land  between  the  towns  of  Holton  and  New  Marion.  Ite 
length  is  5,500  metres,  and  its  direction  is  nearly  north  and  south.  In 
order  to  avoid  the  creek  near  its  north  end,  it  was  swung  to  the  west- 
ward from  a  true  north  and  south  line. 

North  base  is  in  Otter  Greek  Township,  about  1  mile  east  of  Holton, 
on  the  Ohio*  and  Mississippi  Bailroad.  South  base  is  in  Centre  Town- 
ship, and  about  half  a  mile  north  of  the  village  of  New  Marion. 

The  underground  and  surface  marks  placed  to  secure  the  ends  of  the 
base  after  the  completion  of  the  measurements  were  as  shown  in  the 
accompanying  sketch  (illustration  No.  30).  The  sub-surface  mark  was 
a  copper  bolt,  set  in  a  limestone  post  6  inches  square  and  2  feet  longi 
which  was  sunk  in  the  earth  till  its  top  was  3  feet  below  the  snrface 
At  the  intersection  of  cross  lines  cut  on  the  top  of  the  bolt,  a  fine  hoU 
one-quarter  of  an  inch  deep  was  drilled  to  mark  the  station  poiu^ 
Above  and  around  the  post,  except  for  a  space  of  1  foot  square  immc 
diately  over  it,  is  a  layer  of  Portland  cement  concrete  1  foot  thick  an 
4  feet  square.  IJpon  this  foundation  rests  a  block  of  limestone  3  fe^ 
square  and  30  inches  high,  having  a  copper  bolt  with  cross  and  ft^ 
drill  hole  sunk  into  its  top  at  the  centre,  this  hole  being  the  surfa^ 
mark  of  the  end  of  the  base. 

To  protect  these  surface  marks  from  injury  and  to  indicate  conspic 
ously  the  ends  of  the  base,  limestone  shafts  were  placed  in  position  ovi 
them.  The  one  at  North  Base  had  inscriptions  on  three  of  its  faces,  s 
shown  in  the  illustration,  and  the  one  at  South  Base  was  similar) 
marked. 

All  of  the  preparations  for  the  actual  measurement  were  complete 
early  in  June,  1891.  These  included  the  clearing  of  the  line,  tl 
fencing  of  the  camp  ground,  the  pitching  of  the  tents  twenty-two 
number,  the  construction  of  a  comparing  house  with  railroad  and  tra( 
110  metres  long,  the  setting  of  posts  for  microscopes,  and  the  determin 
tion  of  the  height  of  North  Base  above  sea  level  by  levejings  to  tl 
nearest  bench  mark  of  the  transcontinental  line  of  geodetic  leveling. 
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fore  the  base  apparatus  arrived  from  Washington,  section  stones 
set  at  1,200,  2,100,  3,000, 4,000,  and  5,000  metres  from  South  Base 
carefully  aligned.  Stones  were  also  set  at  3,000  and  4,900  metres 
ark  the  ends  of  the  kilometre  intended  to  be  measured  with  the 
dard  bar  encased  in  ice.  These  section  stones  were  cubical  blocks 
nestone,  1  foot  in  each  dimension,  and  set  in  beds  of  concrete  15 
es  square  and  15  inches  deep.  In  the  top  of  each  stone  was  secured 
pper  bolt,  1  inch  in  diameter  and  3  inches  long,  with  a  fine  cross 
)n  its  head.  The  levels  run  along  the  line  from  Forth  Base  to  South 
)  made  each  of  these  section  stones  a  bench  mark  well  determined 
3ight  above  sea  level.  The  comparing  house,  with  railroad  and 
1 100  metres  long,  and  posts  for  microscopes,  was  finished. 

BEaiNNINO  AND  PBOaSESS  OF  THS  MEASUBEMENTS. 

I  July  27, 1891,  the  instruments  were  unpacked  and  prepared  for 
:,  by  Assistants  Tittmann  and  Woodward,  and  on  the  28th  a  meas- 
lent  of  the  base  was  begun  by  Assistant  '\  ittmann  at  A  South 
.  His  party  consisted  of  4  officers,  beside  himself,  and  4  men,  and 
were  employed  for  thirteen  and  one-half  days  in  making  two  com- 
measures  of  the  base,  besides  two  additional  measures  of  the 
letre,  between  stones  at  3,900  and  4,900  metres  from  South  Base, 
dut  to  be  measured  by  the  standard  bar  in  ice,  the  second  measure 
ig  been  finished  on  August  13. 

iring  this  time  Assistant  Woodward,  assisted  by  Mr.  Siebert  and 
»r  two  hands,  was  engaged  in  experiments  with  iced  bar  and  tapes 
e  comparing  house. 

L  August  14  he  began  setting  posts  on  the  kilometre  for  supporting 
ortable  track,  and  the  microscopes,  using  all  of  the  available  force 
)orers.  Owing  to  continual  rains,  the  ground  was  saturated  with 
tiure  and  the  work  was  much  delayed.  Stakes  for  supporting  the 
during  measurement  were  also  set,  at  10  metres  apart,  the  whole 
h  of  the  base  line  by  Assistant  Woodward,  and  some  parts  of  the 
rere  made  ready  for  tape  measurement,  and  on  August  28, 29,  and 
dd  September  1  and  2,  measurements  were  made  by  officers  alone, 
m  September  8, 16, 17, 18, 23,  and  28,  and  October  1,  2,  3,  7,  and  8, 
urements  were  made,  usually  at  night,  with  a  full  force  of  officers 
nen. 

B  first  measure  of  the  kilometre,  with  standard  bar  in  ice,  was 
n  by  Assistant  Woodward  on  September  10  and  continued  on  the 
14th,  15th,  26th,  28th  and  29th. 

perimental  measurements  were  made  by  Assistant  Tittmann  with 
3condary  apparatus,  on  August  17, 18, 22, 25  and  26,  and  September 
and  8.  He  measured  100  metres  of  the  kilometre  with  this 
ratus  on  the  21st  and  22d,  and  made  measures  of  the  whole  kilo- 
e  with  secondary  apparatus  on  September  24  and  25,  and  October  5. 
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I  must  refer  you  to  the  reports  of  Assistants  Woodward  and  Titt- 
mann  for  the  details  of  the  work,  and  the  results  obtained  by  each 
method. 

COST  OF  THE  DIFFERENT  OPERATIONS  AND  EXPERIMENTS. 

A  record,  as  nearly  as  possible,  was  kept  of  the  number  of  days  sp^t 
in  each  operation,  with  the  number  of  officers  and  men  employed  eadi 
day,  and  an  attempt  is  made  in  the  table  which  follows  to  give  the  com- 
parative cost,  calling  each  officer  or  man  employed  one  day  one  day's 
work,  and  the  results  are  expressed  in  day's  work  of  one  officer  or  man 

In  regard  to  the  time  spent  in  preparing  the  standard  kilometre  for 
measurement,  and  the  time  spent  in  setting  stakes,  there  was  necee- 
sarily  some  cx)nfusion,  as  frequently  some  of  the  party  would  be  at 
work  on  each  of  these  operations  on  the  same  dav.  but  the  result  given 
is  believed  to  be  substantially  correct. 

The  time  spent  in  measures  with  the  tape  could  not  be  absoktely 
fixed,  as  the  measures  were  made  sometimes  for  a  few  hours  in  the 
night  with  a  detail  of  officers  alone,  sometimes  with  officers  and  men 
in  the  day  or  night,  and  no  complete  measurement  of  the  whole  base 
with  the  tape  was  ever  made  but  only  by  parts,  several  times  repeated. 

Measurements  were  made  on  fourteen  different  days  or  nights,  and 
assuming  that  each  measurement  took  one-half  day's  time  of  each 
officer  and  man  employed  we  would  have  sixty-nine  and  one-half  days 
for  one  man  spent  in  tape  measure. 

Distances  of  from  300  metres  to  4,800  metres  were  measured  at  on® 
time,  mostly  at  night,  and  when  men  were  employed  we  paid  tbeni 
for  one-half  a  day's  work. 

• 

Hplton  hose  line^  1891.    Time  spent  on  the  different  operatioM. 


Kind  of  operation. 


Building  ice-house 

Building  comparing  house  and  laying  track 
Opening  lines  and  setting  section  stones 
Leveling  from  Delaware  to  base  line,  two  officers 
Leveling  from  Osgood  to  ^  Correct  and  ^  Reizin,  three  officers 
Measuring  base  twice  and  two  extra  measures  of  the  standard  kilo- 
metre with  secondary  apparatus 
Testing  length  of  bars  of  secondary  apparatus  in  comparing  house 
Measuring  kilometre  with  secondary  apparatus,  twice 
Measuring  loo  metres  of  kilometre  with  secondary  apparatus 
Experiments  in  comparing  honse  with  iced  bar  and  tapes 
Preparing  kilometre  for  measurement  with  iced  bar 
Measurement  of  kilometre  with  iced  bar 
Setting  stakes  and  prep -i ring  for  tape  measurement 
Measurements  of  parts  of  base  with  tapes  fourteen  different  days  or 
139 
nights,  or  -       days 


Day's 

work  of 
one  nun. 


9 
1$ 

II  :=22 
8  =  24 

121^ 

30i 

18 

18 

65 
114 

35 
53i 

69i 
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SEBYIGES  RENDEBBD. 

:ant  B.  S.  Woodward  had  entire  charge  of  all  measurements 
»e  and  standard  bar  and  all  experiments  conducted  with  them 
)mparing  house  and  on  the  base  line,  including  measurements 
ndard  bar  in  ice  of  the  kilometre.  I  refer  you  to  his  report  for 
f  methods,  description  of  the  instruments  used,  and  discussion 
Bsults.  Assistant  Woodward  joined  the  party  on  July  22.  and 
)ctober  12. 

;ant  O.  H.  Tittmann  joined  the  party  on  July  22  and  left  on 
8.  He  had  full  charge  of  all  measurements  and  experiments 
th  the  secondary  apparatus  on  the  base  line,  including  kilo- 
ad  in  the  comparing  house,  and  he  has  presented  to  you  a  very 
complete  report  of  all  the  work  done  by  him. 
T.  H.  Gore  joined  the  party  on  June  20  and  left  on  September 
rendered  very  ef&cient  service  while  with  the  party  in  assist- 
le  measurements  with  the  secondary  apparatus;  also  with  those 
p'  Assistant  Woodward  with  the  tape.  He  had  charge  of  the 
party  determining  the  heights  of  Versailles  court-house  and 
Beizin  and  Correct,  being  assisted  by  Messrs.  Gjertsen,  Pen- 
,  and  Cope,  recorders. 

»hn  F.  Hayford  rendered  very  efficient  service  in  measurements 
LBsistant  Tittmann's  charge  and  the  computations  pertaining 
also  assisting  in  the  measurements  made  with  the  steel  tape 
he  computation  of  the  results.  He  joined  the  party  on  July  22 
on  October  12, 

)hu  S.  Slebert,  temporary  aid,  joined  the  party  May  21  and 
in  the  building  of  comparing  house  and  railroad  and  in  setting 
stones  along  the  base  line.  He  had  charge  of  the  leveling 
>  B.  M.  at  Delaware  to  A  North  Base  and  A  Glasgow.  He 
in  all  the  measurements  and  experiments  made  with  tapes 
idard  bar  in  ice  and  in  the  computations.  He  remained  till 
e  of  work  at  the  Holton  base  line,  and  performed  all  duties 
d  to  him  with  accuracy,  zeal,  and  intelligence, 
lers  Th.  Gjertsen,  Bobert  Pennington,  and  FAnk  B.  Cope 
ached  to  the  party  during  their  summer  vacation.  They  ren- 
tisfactory  service  in  the  leveling  operations,  and  also  in  meas- 
8  with  the  secondary  apparatus. 

.  £.  Torrey,  foreman,  was  attached  to  the  party  during  the 
^asouy  and,  as  usual,  rendered  most  valuable  service. 
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letfer  of  transmittal. 

United  States  Coast  and  Geodetic  Survey, 

Washingiouj  D.  0.,  June  26, 1893. 
Sir:  I  have  the  honor  to  transmit  herewith  my  complete  report  on 
the  Iced  Bar  and  Tape  Base  Apparatus  of  the  Survey,  and  on  the  re- 
sults obtained  with  them  in  the  measurements  of  Holton  and  St.  Albans 

Since  the  attempt  to  use  such  forms  of  apparatus  constitutes  what 
some  geodesists  would  consider  a  bold  if  not  doubtful  expeiiment,  I 
have  thought  it  desirable  to  give  a  pretty  full  account  of  them  and  of 
the  measures  made  with  them.  Accordingly,  all  of  the  results  obtained 
in  standardizing  the  apparatus  and  in  measuring  lines  with  them  are 
given  in  detail. 

Although  the  critical  reader  will  thus  be  able  to  form  his  own  esti- 
mate of  the  character  of  these  forms  of  apparatus  and  of  the  work  done 
^ith  them,  it  may  not  be  out  of  place  here  to  state  briefly  what  appear  to 
ine  to  be  attainable  limits  of  precision  in  measures  made  with  each 
form. 

With  respect  to  the  iced-bar  apparatus,  it  seems  practically  certain 
from  our  experience  that  a  probable  error  of  one  five-millionth  part  in  the 
length  of  the  measuring  bar  is  attainable,  and  that  an  equal  precision 
will  result  in  the  mean  of  a  few  measures  of  a  line  made  with  the  appa- 
ratus. This  degree  of  precision  has  not  been  reached  in  work  already 
done  with  the  apparatus,  but  its  attainment,  should  it  be  desirable, 
depends  only  on  the  removal  of  two  obstacles.  These  are,  in  the  order 
of  their  importance,  Ist,  the  uncertainty  in  the  length  of  the  Prototype 
Metres  at  0°  C,  and,  2d,  the  uncertainty  from  personal  equation,  dui^ 
in  the  case  of  the  Survey  bar  to  inequality  in  the  widths  of  its  terminal 
^aduations. 

With  respect  to  the  tape  apparatus,  it  seems  equally  certain  that  a 
precision  indicated  by  a  probable  error  of  one  two-millionth  part  of  a 
loeasured  line  is  an  attainable  limit.  A  probable  error  of  one  one-mil- 
lionth part  appears  to  be  easily  and  cheaply  attainable  with  the  lon^ 
^pes  after  they  are  standardized.  This  would  seem  to  be  amply  suffi- 
iient  for  the  present  purposes  of  geodesy,  but  the  sole  obstacle  in  the 
^*y  of  much  higher  precision,  should  it  ever  be  deemed  essential,  is,  I 
"^lieve,the  difficulty  of  measuring  the  tape's  temperature. 

Very  respectfully  yours, 

li.  S.  Woodward, 

Ausistatttj  Coast  and  Oeodetio  Survey. 
Dr.  T.  C.  Mendenhall, 

Superintendent  Coast  and  Oeodetio  Survey. 

8.  Ex.  37—22  337 
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chapter  i. 

Description  op  the  Iced  Bab  Base  Apparatus  and  its  Ait 
cation  to  the  measurement  op  base  lines. 

(1)  Historical  Note, — The  use  of  ice  iu  thermometry  to  furnish  a  stand 
ard  temperature  naturally  suggests  the  availability  of  ice  to  fix  the  tem- 
perature of  a  standard  of  length  when  used  iu  laboratory  comparisons 
or  in  measuring  base  lines.  It  does  not  appear,  however,  that  ice  hi» 
been  generally  used  even  in  laboratory  work  with  standards  of  length,* 
and  I  am  not  aware  that  any  attempt  has  been  made  hitherto  to  meas- 
ure a  base  with  a  bar  whose  temperature  is  controlled  bymeaasof 
melting  ice.  The  feasibility  of  using  such  an  apparatus  in  base  meas- 
urement has,  nevertheless,  been  suggested  and  maintained  by  several 
persons.  One  of  the  first,  if  not  the  first,  to  outline  a  scheme  for  such 
an  apparatus  is,  I  believe,  Mr.  E.  S.  Wheeler,  a  former  colleague  on  the 
U.  S.  Lake  Survey.  Mr.  Wheeler's  plan  is  advocated  by  Prof.  T.  W. 
Wright  in  his  treatise  on  the  Adjustment  of  Observations-t  The  late 
Capt.  0.  O.  Boutelle,  of  the  U.  8.  Coast  and  Geodetic  Survey,  also 
advocated  the  use  of  such  apparatus. 

Soon  after  joining  the  U.  S.  Coast  and  Geodetic  Survey  in  July,  1890, 
I  was  requested  by  Dr.  Mendenhall,  Superintendent,  to  devise  means 
of  testing  in  the  most  thorough  way  practicable  the  efficiency  of  the 
various  forms  of  base  apparatus  used  by  the  Survey,  and  esi)ecially  the 
efficiency  of  long  steel  tapes  or  wires.  Accordingly,  considerable  study 
was  given  to  this  subject  duriug  the  autumn  of  1890  and  the  winter  of 
1890-^1,  and  the  plans  and  specifications  for  the  iced-bar  apparatus 
considered  in  this  paper  were  matured  and  approved  early  in  the  spriD? 
of  1891.  It  was  constructed  in  Washington,  partly  by  the  machinist! 
E.  N.  Gray  &  Co.,  aud  D.  Ballauf,  and  partly  by  the  Instrument  ^ 
vision  of  the  Survey. 

Before  proceeding  to  a  description  of  the  apparatus  I  desire 
acknowledge  my  indebtedness  to  colleagues  of  the  Survey  for  valiid^ 
suggestions  and  criticism.    I  am  specially  indebted  to  Mr.  John  S.  S 


*  From  published  accounts  it  would  appear  that  the  most  extensive  serie^ 
laboratory  comparisons  of  standards,  wherein  ice  was  used,  are  those  of  the  iT' 
Lake  Survey,  conducted  un4er  the  superintendence  of  Gen.  C.  B.  Comstook,  C^ 
Engineers,  U.  S.  Army.  In  these  comparisons  ice  was  successfully  used  during  ^ 
eral  years.    See  Professional  Papers,  Corps  Engineers,  U.  S.  Army,  No.  24. 

t  D.  Van  Nostraud,  New  York,  1884.  See  alfio  Am.  Jour.  Science  m,  vol.  xxV 
p.  479. 


REPORT   FOR  1892 — PART   II.  339 

Description  of  Iced  Bar  Base  Apparatus. 

}  verified  all  of  the  preliminary  calculations  relative  to  the 
and  efficiency  of  the  apparatus,  and  who  elaborated  many  of 
;ns  and  made  most  of  the  working  drawings  for  its  construc- 
%m  particularly  indebted  also  to  Mr.  E.  G.  Fischer,  chief  me- 
1  of  the  Survey,  whose  knowledge  of  and  skill  in  mechanical 
es  were  frequently  appealed  to.  Finally,  it  affords  me  pleas- 
ftte  that  my  friend,  Mr.  E.  S.  Wheeler,  who  has  had  extensive 
ce  with  base  apparatus,  happened  to  visit  Washington  about 

the  plans  for  this  apparatus  were  completed,  and  gave  me 
&t  of  his  advice  and  criticism. 

leral  features  of  apparatus. — The  iced-bar  apparatus  belongs  to 
3  in  which  a  single  rigid  bar  is  used  as  the  element  of  length, 
bh  micrometer  microscopes  to  mark  its  successive  positions, 
of  the  nature  of  the  apparatus  may  be  gained  from  illustrations 
{.  The  first  of  these  shows  the  apparatus  as  used  on  the  100''' 
bor  of  Holton  base,  described  at  length  in  section  2,  Chapter  iii. 
3r  plate  shows  the  apparatus  as  used  on  the  standard  kilo- 

the  same  base.  It  will  be  seen  that  the  measuring  bar  is 
n  a  trough,  where  it  can  be  kept  surrounded  by  melting  ice. 
igh  is  mounted  on  two  cars,  which  move  on  tracks,  stationary 
ble,  ae  the  case  may  be.  The  microscopes,  as  shown  in  the 
ons,  are  mounted  on  wooden  posts,  which  are  ranged  out  and  set 
the  ground  beforehand.  This  sort  of  support  for  the  micro- 
lough  not  essential  to  the  apparatus,  is  convenient  and  economi- 

a  series  of  measures  of  the  same  line  is  to  be  made.  The 
pes  are  easily  clamped  to  and  detached  from  the  posts,  and  are 
irward  as  the  measure  of  a  line  progresses.  The  trough  carry- 
bar  and  ice  load  is  likewise  easily  rolled  forward  on  the  cars 
d  tracks. 

[>paratus  is  5°"  long,  so  that  the  microscope  posts  are  set  5"' 
Che  supports  for  the  car  tracks  are  also  set  5°*  apart,  but  are 
lalf  way  between  the  microscope  posts,  so  as  to  avoid  trans- 
listurbance  to  the  latter  through  the  ground, 
(wn  in  illustration  No.  31,  the  apparatus  on  the  100*°  comparator 
^ted  from  the  direct  rays  of  the  sun  by  a  shed.  For  field- 
i  the  other  hand,  the  microscopes  were  shielded  by  means  of 
ibrellas,  as  shown  in  illustration  No.  32. 

meral  features  of  the  apparatus  are  thus  apparent,  and  we  may 
to  describe  its  parts  in  detail. 

€  measuring  bar. — ^The  measuring  bar  of  this  apparatus  is  a 
liar  bar  of  tire  steel.  It  was  rolled  in  the  steel  works  at  Lan- 
•a.  It  is  5'02°*  long,  8""  thick,  and  32™"  deep.  A  cross  section 
I  at  A  in  the  accompanying  illustration,  p.  340. 
pper  half  of  the  bar  is  cut  away  for  about  2«»*  at  either  end  to 
;he  graduation  plugs  of  platinum-iridium,  which  are  inserted  so 
ir  upper  surfaces  lie  in  the  neutral  surface  oi  tti^\>*dx.   '^\i:t<^ 


340 
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Hues  are  ruled  on  each  of  these  plugs,  two  in  the  directioQ  of  and  one 
transverse  to  the  length  of  the  bar.  These  lines  were  ruled  by  Mr.  Louis 
A.  Fischer,  adjuster  in  the  Office  of  Standard  Weights  and  Measures. 
The  longitudinal  lines,  which  serve  to  limit  the  parts  of  the  transverse 
lines  used,  are  0*2°'°'  apart.    Although  great  pains  were  taken  to  have 


y- TROUGH. 

Soale  — H 


— I 

these  lines  of  the  same  width,  the  transverse  lines  differ  widely,  ^ 
narrower  one  being  16-3''  and  the  broader  one  36-2''  wide. 

This  bar  is  known  in  the  Survey  records  as  No.  17.  It  is  designate 
in  all  the  work  done  with  it  thus  far  as  -Bi,.  The  end  having  the  n* 
ix^irer  transverse  gradaatiou  msix\L\!&  ^^lOidltJi^^  A  end. 
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To  secure  alignment  of  the  bar,  eleven  German  silver  plugs  of  5™'" 
uneter  are  inserted  at  intervals  of  495'""  along  the  bar,  so  that  they 
gect  about  1"°*  above  its  top  surface.  The  upper  surfaces  of  these 
igs  kre  all  the  same  distance,  within  a  few  hundredths  of  a  milli- 
tre,  from  the  neutral  surface  of  the  bar.  On  the  top  of  each  plug  is 
Bd  a  fine  line  in  the  direction  of  the  bar,  as  shown  at  P  in  the  illustra- 
1.  The  length  of  the  bar  as  regards  alignment  is  defined  to  be  the 
liance  between  the  transverse  graduation  marks  when  the  upper 
faces  of  the  alignment  plugs  are  all  in  one  plane  and  when  the  lines 
bhese  plugs  are  in  one  straight  line.  The  means  of  securing  these 
» adjustments  are  described  below.* 

I)  The  y 'Trough, — ^The  most  important  and  distinctive  part  of  this 
)aratus  is  the  trough  which  supports  the  bar,  keeps  it  aligned,  and 
ries  the  ice  load  essential  to  control  the  bar's  temperature.  This 
agh  is  called  the  Y-trough  by  reason  of  the  resemblance  of  its  cross 
tion  to  the  letter  Y.  The  drawing  shows  a  cross  section  of  this 
agh.  It  is  made  of  two  steel  plates  5'14'»  long,  25*5'''»  wide,  and  3'""» 
3k.  They  are  bent  to  the  angle  B  C  D  of  the  figure,  and  are  riveted 
ether  as  shown  at  E,  thus  making  tlie  angle  (ff  the  trough  B  O  F= 
.  The  bar,  shown  in  cross  section  at.  A,  is  supported  at  every  half 
Ire  of  its  length  by  saddles,  one  of  which  is  shown  in  the  figure. 
)8e  saddles  are  rigidly  attached  to  the  sides  of  the  trough  by  screws 
IS.  Each  saddle  carries  one  vertical  and  two  lateral  adjusting 
>W8  as  shown  at  V,  L,  L'.  These  screws  serve  to  fix  the  alignment 
be  bar.  The  lateral  adjusting  screws  of  the  saddles  at  the  ends  of 
bar  are  of  the  same  height,  which  is  equal  to  that  of  the  lower  screw 
f  the  diagram.  The  lateral  adjusting  screws  of  the  intermediate 
lies  on  either  side  of  the  bar  are  alternately  high  and  low.  The 
ct  of  this  disposition  is  two  fold,  to  wit :  1st,  to  prevent  pinching  the 

which  might  more  readily  occur  if  the  lateral  screws  were  all  oppo- 
to  one  another;  2d,  to  afford  means  of  rotating  the  bar  slightly 
it  its  longitudinal  axis,  so  that  for  a  fixed  and  nearly  vertical  posi- 

of  the  trough  the  graduat^ed  surfaces  of  the  bar  may  be  made 
zontal.  The  vertical  adjusting  screws  of  the  saddles  project,  as 
WTi  in  the  diagram,  below  the  vertex  of  the  trough,  and  their  capstan 
Is  are  accessible  through  slots  cut  in  the  web  of  the  trough.  These 
3  serve  also  as  drainage  ways  for  the  melted  ice.  To  prevent  cir- 
>tion  of  air  through  them  they  are  stuffed  with  cotton  batting, 
mgh  which  the  water  percolates  freely.  The  ends  of  the  trough  are 
ed  with  wooden  V-shaped  blocks, 
he  trough  is  very  rigid  in  all  directions  and  especially  so  with 

he  form  of  bar  described  is  evidently  not  the  best  form.  Theory  and  experience 
!ate  that  a  bar  having  a  Y-shaped  cross  seotion  with  metric  subdivisions  on  its 
ral  surface  would  best  meet  the  requirements.  Howefver^  the  question  which 
rated  itself  in  planning  the  apparatus  was  not  what  is  the  beat  form  oCb&T^l^^t 
t  is  the  most  economical  form  possessing  the  reqmftite  \ytoi^^tW«^. 
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resiHJct  to  vertical  stresses.  It  weighs  82  kilograiuities,  exclusive  of  the 
bar  and  ice  load.  The  whole  trough  is  covered  by  a  closely-ftttiDg 
jacket  of  heavy  white  cotton  felt,  which  protects  the  trough  and  ice 
load  alike  from  direct  radiation. 

For  measoring  grade  angles  a  sector  reading  by  two  opposite  ver- 
niers to  10''  is  attached  to  one  side  of  the  trough  near  its  middle  point 
Thus  arranged  this  sector  has  great  stability. 

(5)  The  ice  load  and  ice  crusher. — When  the  apparatus  is  in  use  the 
Y-troiigh  is  completely  tilled  with  pulverized  ice,  the  upper  surface  of 
which  is  rounded  to  about  the  height  shown  by  the  curve  B  H  F  inthe 
diagram.  The  amount  of  ice  required  for  this  purpose  is  about  40 
kilogrammes,  or  8  kilogrammes  per  metre  of  the  bar's  length.  The  ice,  by 
reason  of  its  weight  and  the  sloping  sides  of  the  trough,  is  kept  in  close 
contact  with  the  bar.  This  is  especially  the  case  when  the  apparatus 
is  in  use,  for  it  is  then  trundled  along  on  its  cars  with  sufficient  jarring  |)eal 
to  overcome  any  tendency  of  the  ice  to  pack.  JFor  covering  the  ends 
of  the  bar  a  small  quantity  of  ice  is  cut  with  a  jack  plane.  Ice  thus 
cut,  like  wet  snow,  packs  well  and  permits  making  a  small  conical  hole 
through  it  to  the  graduation  plugs. 

A  very  essential  auxiliary  to  the  use  of  the  apparatus  is  an  ice 
crusher  to  pulverize  the  ice.    The  machine  used  is  a  modification  of 
the  Creasey  ice  breaker  manufactured  at  Philadelphia,  Pa.    Itis'a 
small  light  hand  machine  which,  as  modified,  does  its  work  very  satii^ 
fjictorily .    With  it  40  kilogrammes  of  ice  may  be  pulverized  in  ten  minnte^ 
or  less.    The  particles  of  crushed  ice  vary  in  size  from  the  smallest 
visible  up  to  the  bulk  of  a  cubic  centimetre;  and  this  gradation  ^     ^*^ 
size  appears  to  be  advantageous  as  compared  with  uniformly  to^ 
particles  like  those  of  snow,  since  there  is  less  liability  of  regelati^^ 
and  packing. 

(6)  The  cars  and  portable  track, — The  Y-trough  is  mounted  on  t^^ 
cars,  the  saddles  or  bolsters  of  which  are  attached  to  the  trough  4^ 
from  either  end.    Each  saddle  is  attached  rigidly  to  the  trough  ab^^^ 
and  to  a  jackscrew  below.    The  ja<;kscrew  is  attached  to  a  slide  r^ 
which  is  connected  rigidly  with  the  base  of  the  car.    The  slide  xC^ 
are  pro\ided  with  screws  to  give  slow  motions  in  the  direction  of  ^^ 
trough's  length  and  transverse  to  its  length. 

The  jackscrew  cylinders  have  right  and  left  handed  threads  at  th^^ 
respective  ends  and  are  turned  by  a  short  capstan  bar.    They  gi  ^^ 
thus  the  rapid  vertical  motion  to  the  trough  essential  in  bringing  t  ^^ 
bar  quickly  to  focus  under  the  microscopes  which  define  its  x>osition. 

The  cars  have  each  three  wheels  and  run  on  a  portable  track  who 
width  is  30'^'".    Three  sections  of  this  track,  each  5™  long,  are  provide^^  ^ 
and  each  section  is  carried  forward  as  the  cars  are  rolled  along  durii^^ 
the  measurement  of  a  line.    It  thus  appears  that  instead  of  lifting  i^^ 
and  carrying  forward  the  measuring  bar  as  with  most  forms  of  app^^ 
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ratuS;  this  rather  delicate  and  difficult  operation  is  supplanted  by  that 
of  moviiig  the  portable  tracks. 

(7)  The  micrometer  microscopes, — To  define  the  successive  positions 
of  the  bar  in  measuring  a  line^  micrometer  microscopes  are  used- 
Tlirough  the  courtesy  of  Gen.  Casey,  Chief  of  Engineers,  U.  S. 
Army,  the  Snrvey  was  enabled  to  borrow  the  four  microscopes  and  the 
euUff  cylinder  of  the  Bepsold  base  apparatus*  used  on  the  U.  S.  Lake 
Survey.  These  are  especially  well  adapted  for  use  with  any  line 
measure  apparatus.  As  designed  by  the  Eepsolds  and  as  used  on  the 
Lake  Survey  the  microscopes  were  mounted  on  iron  tripods.  These 
latter  having  been  destroyed  by  fire  while  stored  at  the  Engineer  depot 
at  Wjlletts  Point,  N.  Y.,  it  was  essential  to  replace  them  by  some 
equivalent  device.  In  view  of  the  economic  and  other  features  of  the 
special  work  contemplated  with  the  iced-bar  apparatus,  it  was  decided 
to  mount  the  microscopes  on  wooden  posts  set  firmly  in  the  ground. 
To  connect  the  microscope  with  the  post  a  cast-iron  post  cap  is  pro. 
vided.  It  fits  like  a  box  cover  on  the  end  of  the  post  and  is  clamped 
rigidly  to  it  by  means  of  a  screw. 

The  microscopes  are  provided  with  levels  and  leveling  screws,  so  that 
then*  axes  may  be  made  vertical.  They  are  mounted  on  slide  rests 
^hich  give  a  motion  of  2<'™  in  the  direction  of  the  line  measured  or 
^Dsverse  to  it.  To  secure  additional  displacement  in  the  direction  of 
tlie  line  a  small  rotary  motion  is  provided  for  in  the  connection  of  the 
^croscope  with  the  i)OSt  cap.  The  micrometer  heads  of  the  micro- 
^pe  are  divided  to  read  microns  directly,  one  revolution  of  the  screws 
corresponding  to  0*1™".  When  used  in  the  field  the  microscopes  are 
shaded  from  the  sun  by  large  umbrellas. 

With  this  method  of  mounting  the  microscopes  it  is  advantageous  if 
Dot  essential  to  set  the  microscope  posts  and  those  supporting  the 
portable  track  before  beginning  measurement. 
(8)  End  marks  and  method  of  reference  thereto. — ^The  method  of  marking 
he  end  of  a  line  is  essentially  that  of  the  Eepsolds  and  fully  described 
u  the  Lake  Survey  Eeport  referred  to  above.  It  consists  in  the  use  of 
metallic  bolt  terminating  in  a  spherical  head,  the  bolt  being  embedded 
)  a  stone  or  other  stable  mass  set  in  the  ground.  The  center  of  the 
olt  head  is  the  fiducial  point.  To  refer  to  this  point  a  cylinder  called 
cat-off  cylinder  is  usQd.  It  terminates  at  one  end  with  a  conical 
ole  which  fits  over  the  spherical  head.  The  other  end  is  provided 
ith  a  transverse  level  and  graduated  scale.  The  scale  is  brought  by 
rack  and  pinion  motion  to  focus  under  the  microscope  whose  position 
slative  to  the  fiducial  point  is  sought.  The  scale  and  level,  which 
re  parallel  to  each  other,  are  placed  parallel  to  the  line  measured. 
V^ith  the  cylinder  thus  disposed,  readings  of  the  micrometer  on  the 

*  Fully  described  in  General  Comstock's  report  referred  to  in  section  (1). 
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scale  {Ind  of  tbe  position  of  the  level  bubble  are  made.  The  cylinder 
is  then  turned  180^  iu  azimuth  and  the  seale  and  level  reading^  are 
again  observed.  From  these  observations  and  the  height  of  the  scale 
above  the  bolt  head,  the  horizontal  distance  (in  the  direction  of  tbe 
line)  between  the  micrometer  zero  and  the  fiducial  point  may  be  accu 
rately  determined. 

(9)  Adjustments  of  apparatm, — ^The  most  important  adjustmeut  of 
the  apparatus  is  the  alignment  of  the  bar  in  the  Y-trongh.  This 
adjustment  is  made  when  the  ice  load  is  in  the  trough  and  aft^r  tlie 
latter  has  had  time  to  assume  a  stable  shape.  This  time  does  not 
exceed  15  minutes. 

As  already  stated,  the  alignment  of  the  bar  requires  that  the  upper 
surfaces  of  the  alignment  plugs  be  in  one  plane,  and  that  the  lines  on 
these  plugs  be  in  the  same  straight  line.  The  former  requisite  is 
secured  by  a  striding  level  whose  feet  are  99<^"'  apart,  so  that  they  reach 
from  any  plug  to  the  second  adjacent  plug.  Beginning  at  one  eud  of 
the  bar  the  plugs  are  numbered  1,  2,  3, — 11.  By  placing  the  level  feet 
in  succession  on  plugs  1  aud  3,  3  and  6,  etc.,  plugs  1,  3,  5,-11  are 
brought  into  the  same  plane  by  means  of  the  corresponding  vertical 
adjusting  screws,  the  screws  under  plugs  2,  4, — 10  being  loosened  if 
need  be  to  secure  this  end.  Having  thus  adjusted  plugs  1,  3, 5,-11 
the  level  is  placed  on  plugs  2  and  4,  4  and  6,  etc.,  and  the  vertical 
screws  are  brought  up  to  contact  with  the  bar,  but  not  raised  enough 
to  disturb  the  previous  adjustment  of  1,  3,  5 — 11,  which  are  the  prin 
<>ipal  defining  plugs  in  this  adjustment. 

To  place  the  lines  on  the  plugs  in  the  same  straight  line  a  sharp- 
pointed  plumb  bob  suspended  from  a  fine  braes  wire  stretched  over  the 
trough  was  originally  used.  This  device,  with  the  aid  of  the  lateral 
adjusting  screws  of  the  saddles,  permits  placing  the  lines  in  prop^^ 
position  within  0*1°*™  when  the  trough  is  fully  loaded  with  ice.  Exp* 
rience  with  the  apparatus,  however,  showed  that  the  simpler  meth^ 
of  stret/ching  the  wire,  or,  better  still,  a  fine  thread,  close  over  the  plu^ 
when  the  trough  is  about  four-fifths  loaded  secures  equally  good  result^ 

It  was  feared  before  using  the  apparatus  that  the  daily  temperatuf 
range  might  produce  an  appreciable  effect  on  the  length  of  the  b^ 
through  change  in  curvature  of  the  trough.  Hence  the  accurate  method 
of  measuring  such  change  by  the  striding  level  was  provided.  Bu 
experience  shows  that  the  change  in  shape  of  the  trough  gives  rise  t< 
quite  insignificant  changes  in  length  of  the  bar.  Indeed,  the  align 
ment  of  the  bar  may  be  maintained  so  perfectly  that  the  correction  fo 
its  curvature  will  not  exceed  a  few  tenths  of  a  micron. 

The  grade  sector  of  the  apparatus  is  adjusted  to  zero  when  the  grad 
uated  surfaces  of  the  bar  are  in  the  same  horizontal  plane.  To  secnr 
the  lattercondition  anengineer'slevelisused;  and  with  appropriate  car 
the  difference  in  height  of  the  ends  of  the  bar  can  be  made  zero  with  \ 
probable  error  not  exceeding  itO*l"". 
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le  microscopes  are  provided  with  fixed  levels,  which,  when  once 
8t«d,  enable  the  operator  to  make  the  axes  of  the  microscopes  ver- 
.  They  are  also  provided  with  clamp  screws,  so  that  they  may  be 
Jy  held  in  proper  position. 

lien  posts  are  nsed  to  support  the  microscx)pes,  as  has  been  the  case 
this  apparatus  thns  far,  they  must  be  set  in  their  proper  positions 
in  a  centimetre  or  two.  It  is  easy  and  convenient,  however,  to 
st  their  sides  facing  the  line  to  be  measured  with  much  greater  pre- 
n.  When  firmly  set,  a  line  parallel  to  the  base  may  be  deliberately 
ed  out  with  a  theodolite  of  high  magnifying  power,  and  this  line 
be  defined  by  suitable  marks  on  each  post.  Then  by  simply  noting 
iistance  of  the  axis  of  the  bar  during  measurement  from  this  refer- 
line  an  accurate  correction  for  deviation  of  the  bar  from  parallelism 
the  base  may  be  obtained.  This  adjustment  of  the  posts,  though 
essential  to  the  use  of  the  apparatus,  has  been  followed. 
Qother  convenient  a^ustment  which  the  use  of  posts  permits  is  that 
aking  the  tops  of  several  or  many  posts  conform  to  one  grade.  By 
means,  since  the  four  microscopes  used  are  closely  alike,  the  grade 
68  for  several  or  many  bar  lengths  are  nearly  the  same,  a  condition 
rable  to  precision  in  determining  grade  corrections.  As  an  addi- 
il  precaution  in  the  use  of  this  apx)aratus,  the  relative  heights  of 
alternate  post  tops  have  been  determined  with  an  engineer's  level. 
))  Method  of  measurement, — To  conduct  the  measurement  of  a  line 
this  apparatus  eight  men  are  required,  to  wit :  Three  observers ;  one 
rder ;  one  man  to  move  the  microscopes ;  and  three  men  to  move  the 
tracks,  the  microscope  shades,  and  the  ice  and  ice-crusher, 
ie  operation  of  measurement  proceeds  as  follows:  The  position  of 
microscope  relatively  to  the  fiducial  point  at  the  end  of  the  line 
ng  been  observed  as  explained  above,  the  rear  end  of  the  bar  is 
ight  to  focus  under  that  microscope  by  the  rear  end  observer.  By 
as  of  a  lever  which  grips  into  the  track  and  hinges  on  the  car,  the 
'r  observer  holds  the  bar  near  to  bisection  under  the  microscope, 
e  the  front  end  observer  brings  his  microscope  into  position  over 
iront  end  of  the  bar;  to  do  which  he  can  make  use  of  the  lateral 
on  of  the  trough,  of  the  microscope,  or  both.  When  the  bar  is 
8ted  at  both  ends  the  rear  observer  brings  the  rear  end  graduation 
lately  to  bisection  between  the  micrometer  wires  by  use  of  his 
f  without  turning  the  micrometer  screw.  Simultaneously  he  gives 
signal  "read"  to  the  front  observer,  who  brings  his  micrometer 
8  to  bisect  the  front  end  graduation  mark  by  moving  the  micro- 
•e,  the  micrometer  wires,  or  both.  The  observers  then  read  their 
"ometers  and  the  recorder  notes  them  down  in  his  book,  after  which 
Pear  observer  turns  his  micrometer  screw  a  half  revolution  or  less 
^ards.  The  observers  then  exchange  positions.  The  rear  observer 
yuig  with  him  his  lever  applies  it  to  the  front  car  and  brin^^  t\sL^ 
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front  end  graduation  to  bisection  without  disturbing  the  mic 
threads  from  their  previous  position;  while  at  the  signal^' re 
front  observer  bisects  the  rear  end  graduation  by  moving  the 
with  the  micrometer  screw.  They  then  announce  the  reading 
fore  and  the  recorder  jots  them  down,  notifying  the  observer 
time  if  the  screw  revolutions  differ  from  their  previous  value 
process  eliminates  the  personal  equation  of  the  observers  an( 
any  blunders  of  whole  revolutions  in  reading  the  microscopea 
them  being  read  four  times,  and  the  four  readings  being  the  sam 
a  few  microns.    The  probable  error  of  a  bisection  is  less  than  : 

While  the  bar  is  in  position  under  the  microscopes,  the  third  ( 
measures  the  distance  of  the  front  end  (and  the  rear  end  at  6 
of  the  axis  of  the  bar  from  the  reference  line,  and  adjusts  tb 
level  bubble  to  center,  taking  care  at  the  same  time  to  keep  a^ 
the  microscope  posts  when  the  bar  is  observed.  The  grade  seel 
ing  is  then  made  and  recorded,  and  the  bar  is  rolled  rapidly 
to  a  new  position. 

As  soon  as  the  rear  end  of  the  bar  is  brought  safely  to  positic 
a  microscope  the  one  previously  at  the  rear  end  is  taken  up  and 
forward  by  the  microscope  porter,  who  clamps  and  adjusts  it  c 
post.    Likewise  as  soon  as  a  section  of  track  is  passed  over 
ried  forward  to  a  new  position. 

The  observers  stand  on  platforms  which  rest  at  their  endi 
ground  at  a  distance  of  about  1  metre  on  either  side  of  a  mi< 
post. 

At  intervals  of  twenty  to  forty  minutes  fresh  ice  is  supp 
trough  being  run  to  the  rear  of  or  ahead  of  the  two  microscop< 
were  last  used.  The  trough  is  completely  uncovered  in  this  o 
and  the  ice  stirred  up  and  supplement<)d  l)y  the  amount  req 
replace  the  waste.    This  amount  is  usually  3  to  5  kilogrammes 

The  sx)eed  of  measurement  has  varied  somewhat  with  circum 
It  has  usually  been  about  100"»  per  hour;  750™  were  measured 
hours  on  two  different  dates;  and  a  kilometre  would  not  be  a 
sive  day's  work. 

(11)  Specimen  of  record  and  computations. — ^Tables  I  and  11  f< 
give  a  copy  of  the  records  of  a  measure  with  the  iced  bar  of  the 
of  the  100™  comparator  of  Holton  Base  described  in  section  2, 
III.  In  Table  I  the  first  column  gives  the  number  of  the  ba 
.  applied  in  the  measure,  and  the  second  the  time  of  applicatic 
third  column  gives  the  number  of  the  microscope  used  at  the  1 
end  of  the  bar,  the  left  and  right-hand  ends  of  the  bar  being  tc 
or  right,  respectively,  of  the  observer  as  he  stands  facing  the  I 
reading  the  microscopes.  The  fourth  column  gives  the  mi 
readings  on  the  left-hand  end  of  the  bar,  the  readings  being  e: 
in  screw  revolutions  of  01°""  each,  so  that 0'01»^  =  1'*.    The; 
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columns  give  the  coirespondiug  data  for  the  rigbt-hand  end  of 
IT.  The  letters  S  and  W  preceding  the  first  two  readings  of  mi- 
>pe8  1  and  2  show  the  order  in  which  the  observations  on  the  bar 
Diade.  Ilins  observer  S  read  with  microscope  Fo.  2  on  the  right- 
end  of  the  bar,  while  observer  W  read  with  microscope  No.  1  on 
ft-hand  end  of  the'  bar.  The  observers  then  exchanged  positions, 
ling  with  No.  1  and  W  with  No.  2;  and  this  order  of  reading  was 
red  throughout  the  work.  The  seventh  column  givep  the  dift'er- 
in  microns  between  the  mean  readings  of  any  microscope  at  the 
Qds  of  the  bar  in  the  order  left  minus  right  or  (l—r).  Thus  the 
'alue  in  this  column  comes  from  the  readings  of  microscope  No.  2, 
ly,  i (21-33'  +  21-26')  -  i  (21-33'  +  21-33')  =  -  3" ,  neglecting  tenths 
irons.  The  last  value  in  this  column  is  derivisd  in  the  same  man- 
cm  the  readings  of  microscope  No.  1  at  the  beginning  and  end  of 
easure.  The  last  column  gives  the  height  of  the  left-hand  end 
I  bar  at  starting,  and  the  heights  of  the  right-hand  end  in  its 
ftl  positions,  above  the  horizontal  plane  of  reference  of  the  com- 
»r.  This  method  of  determining  grade  corrections  was  used  in 
of  reading,  the  grade  sector.  The  measurement  in  this  case 
eded  from  left  to  right. 

)le  II  gives  the  records  of  the  cut-off  measures  at  starting  and 
ing.  The  first  column  gives  the  time  of  day.  The  second  column 
nates  the  orientation  of  the  cut-off  scale,  the  terms  right  and  left 
used  in  the  same  sense  as  explained  above.  The  third  column 
the  number  of  the  graduation  line  of  the  scale  observed  on  with 
licroscope.  When  the  microscope  is  to  the  right  of  the  zero  of  the 
f  scale  the  images  of  the  graduation  numbers  appear  invert'Cd  as 
through  the  microscope.  Hence  the  letters  I  (inverted)  and  E 
i)  serve  to  show  the  position  of  the  microscope  with  respect  to  the 
>f  the  cut-off  cylinder.  The  fourth  column  gives  the  microscope 
Qgson  the  cut-off  scale;  the  fifth  gives  the  height  of  the  scale 
)  the  center  of  the  cut-off  sphere ;  and  the  last  two  columns  give 
^ings  of  the  level,  {  and  r  denoting  the  left  and  right  hand  posi- 
respectively  of  the  bubble. 
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Table  I. — Specimen  of  record.    Measure  of  100^  Comparator  intfrwl, 

August  7, 1891. 


Left-hand  end  of  bar. 

Riglit-hand  end  of  bar. 

\ 
1 

1 

So.  bar 
lengths. 

Time, 
p.  ni. 

1 

,     p     Heithioi 
^-'^        bir. 

1 

No.  mi- 

Microscope 

No.  mi- 

Microscope 

croscope. 

reading. 

croscope. 

reading. 

« 

Rev, 

Rev. 

WW. 

I 

354 

I 

W:  2083 

2 

S.  21-33 

49» 

S.  2083 

W.  21-33 

-  3^ 

504 

2 

! 

•56 

2 

21*33 
21*26 

3 

20-73 
2073 

-  3 

500 

1        3 

4*01 

3 

20-74 

4 

21-26 

\ 

1 

• 

20-66 

21-26 

^ 

«> 

509 

4 

•03 

4 

20*26 

I 

21-22 

20'2I 

21-22 

—  4 

502 

5 

•OS 

I 

21^22 

2 

2203 

,  1 

21*13 

2203 

-  0        5*  ! 

6 

•08 

2 

22-03 

3 

21*02 

1 

2203 

21-02 

—  4 

505  1 

7 

•II 

3 

21*02 

4 

21*57 

20-95 

2157 

-  5 

507 

8 

•12 

4 

21-57 

I 

20*60 

21-47 

20-60 

—  4 

505 

9 

•<5 

I 

2060 

2 

2310 

1 
1 

2052 

23  10 

-  5    1     509  1 

lO 

17 

2 

2310 

21-30. 

1         _    .      ' 

23*00 

. 

21*30 

—    2 

5»4 

II 

•20 

3 

21-30 

4 

21*66 

2126 

21-66 

8        5» 

12 

•2S 

4 

21-66 
2150 

I 

20*81 
20-81 

-    5        5«6 

'3 

•28 

I 

20-8I 

2072 

2 

21*91 
21*91 

-f  I    1     522 

14 

•31 

2 

21-91 
21-94 

3 

20-97 
20*97 

1 
-  7         524 

15 

•34 

3 

20-97 
20-84 

4 

21*74 
21  74 

4-  2        523  1 

i6 

•36 

4 

21-74 

I 

21*49 

1 

21-77 

21*50 

+  I 

5»5 

17 

•40 

I 

21*50 

2 

22-01 

21-52 

22'OI 

-  5 

523  ' 

i8 

•44 

2 

.    «        220I 

3 

20*70 

21-91 

20*70 

—  2 

520 

19 

•48 

3 

20-70 

4 

21*21 

20-66 

21*21 

-f  3 

530 

20 

•49 

4 

21-21 

I 

21-80 

21*28 

21-80 

-97 

524 

Table  IF. — Cut  off  measures.    Augvut  7,  1891. 
AT  WKST  (lp:ft-hand)  end  of  comparator. 

f  Repsold  cut-off  cylinder.] 


Time, 
p.  m. 


'  lind  of  cut- 
i     off  scale, 
right. 


Scale 
division  ob- 
served. 


3^46 


A 
B 


29  I 
29  I 


Microscope 
reading. 


Height  of 
scale. 


Level  readings. 


/. 


18-55 
2083 


Mm. 
840 


d. 

5-5 
45 


d. 

9*0 

100 
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Description  of  Iced  Bar  Base  Apparatus. 

AT  EAST  (RIGHT-HAND)  END  OF  COMPARATOR. 
[U.  S.  Coast  and  Geodetic  Survey  cut-off  cylinder.] 


446 


A 
B 


10  E 

n  E 


2570 

18-46 


838 


30 

50 


30 

10 


of  I  division  of  level  on  Repsold  cylinder  =  i'^'6 

of  I  division  of  level  on  U.  S.  Coast  and  Geodetic  Survey  cylinder    =6'^*o 

imputation  of  the  measured  distance  proceeds  by  means  of  the 

^formiUsM: 

g  B  and  L  the  mean  readings  of  any  microscope  on  the  right 

hand  ends  respectively  of  the  bar,  the  correction  due  to  these 

(  (supposing  them  to  increase  from  nght  to  left  as  with  the 

ters  used)  is 

SiL'-B).  (1) 

Yy  if  Be  and  L^  are  the  mean  microscope  readings  on  the  cutoff 
the  right  and  left  hand  ends,  respectively,  of  the  line,  they  give 
Dion  equal  to 

-(Xo-iiJe).  (2) 

e  the  reading  on  the  cut-off  scale  at  the  right-hand  end  of  the 
?„  and  that  at  the  left-hand  end  by  Si.  Then  they  give  a  cor- 
)f 

Si-Sr,  (3) 

I  and  8r  are  plus  or  minus  according  as  the  image  of  the  grad- 
lark  number  appears  inverted  or  erect. 

and  Ii  denote  the  inclinations  of  the  cut-off  cylinders  at  the 
9  of  the  line,  and  Hr  and  ^1  the  corresponding  heights  of  the 
(sales.  Then,  since  the  inclinations  are  always  small,  they  give 
tion  of 

Hi  Ii^H,  Jr;  (4) 

le  inclinations  are  expressed  in  arc  and  both  are  supposed  to  be 
Dhe  right  from  the  vertical.  If  ii,  /^,  ri,  r.  are  the  left  and  right 
idings  of  the  level  bubble  in  any  case,  and  v  is  the  value  of  one 
of  the  level  in  seconds  of  arc,  the  corresponding  value  of  I  is 

"=206264"*8,  or  the  number  of  seconds  in  the  radius.  Using 
es  given  in  the  above  table  we  have 

)rrection  for  grade  or  slope  of  any  bar  length  is  expressed  with 
t  accuracy  by  the  formula— —~>  where  J/t  is  the  difference  in 
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height  of  the  two  ends  of  the  bar  and  «  its  length.  For  Jh  in  millime- 
tres, this  gives  a  correction  of  — 0*1  {Jhy  microns  per  bar  length,  since 
«=5"  very  neai'ly.    The  correction  for  grades  is  then  in  microns 

— 0-1  2{^h  in  millimetres)^  (5) 

The  correction  for  alignment  was  computed  by  the  same  formula  (5) 
in  the  case  of  the  field  measures.  For  the  measures  on  the  comparator 
here  considered  the  correction  for  alignment  was  made  nil  by  alwa)^ 
placing  the  bar  in  the  vertical  plane  of  the  comparator.  When  giades 
are  observed  by  means  of  a  sector,  as  in  field  work,  it  is  most  couve 
nienttomakeuseof  a  table  giving  the  corrections  in  terms  of  the  grade 
angles. 

Finally,  denoting  the  number  of  bar  lengths  measured  by  J,  the 
length  of  the  bar  by  ^n,  and  the  distance  between  the  terminal  spheres 
by  By  we  have 

D  =  .V^,;+{l)+(2)+(3)+(4)  +  (5). 

Using  the  data  given  in  the  above  tables  we  have  thelbllowiug 
values  of  the  several  corrections ; 

mm, 

(1)  =  -  0-149 

(2)  =  -h  0-230 

(3)  =  +39-500 

(4)  =  -  0-039 

(5)  =  -  0-076 


Sum  =  +39-476 
Hence,  the  length  of  the  comx)arator  interval  resulting  from  this  meas- 
ure is 

inm, 
20  Bn  +39-476 


EEPORT  FOE  1892 — PAET  II.  351 


CHAPTER  n. 

Length  of  Iced  Bab  Bn. 

DIRECT  DETERMINATION  ON  OFFICE  COMPARATOR. 

Description  of  apparatus  and  method. — The  most  important  opera- 
ttending  the  use  of  the  iced-bar  apparatus  is  the  determination 
length  of  the  measuring  bar  in  terms  of  one  of  the  International 
type  Metres.  The  general  plan  which  has  been  followed  in  the 
bion  of  this  operation  is  that  of  direct  comparison  of  the  bar  and 
^e  Metre,  each  being  packed  in  melting  ice.  According  to  this 
he  use  of  thermometers  is  dispensed  with  entirely.  It  suffices 
'  to  measure  a  distance  of  five  times  the  length  of  the  metre  when 
1  in  melting  ice,  and  then  transfer  this  distance  to  the  5°"  bar 
1  in  melting  ice. 

means  available  for  such  work  at  the  time  the  apparatus  was 
acted  were  the  office  comparator  and  comparing  room.  The 
is  an  underground  room  situated  between  the  front  of  the  Survey 
\g  and  the  adjacent  street.  The  comparator  consists  of  an  iron 
1  about  6'5^  long,  supported  at  its  ends  on  brick  piers.  Between 
piers  micrometer  microscopes  can  be  attached  to  the  beam  at  any 
i  interval  up  to  6  metres.  For  supporting  the  bars  under  com- 
D,  a  car  moving  at  right  angles  to  the  I-beam  is  provided.  The 
Is  rest  on  piers  well  removed  from  those  supporting  the  beam, 
comparing  room  is  lighted  by  electric  lights  which  can  be  placed 
convenient  position  for  illuminating  or  reading  the  microscox>es. 
the  special  comparisons  in  question  ^ix  micrometer  microscopes 
ktached  to  the  I-beam  at  intervals  of  1  metre.  The  means  of  attach- 
vere  cast-iron  brackets  which  could  be  rigidly  clamped  to  the 
while  the  microscopes  themselves  were  fastened  to  the  shelves 
brackets.  The  brackets  are  adjustable  on  the  beam ;  so  that  the 
lanes  of  the  microscopes  can  be  brought  into  the  same  horizontal 
very  nearly,  and  the  axes  of  the  micro8cox>es  made  vertical 

narrow  limits.    The  microscopes  in  turn  are  provided  with 

adjustments  on  the  shelves  of  the  brackets.    Hence  the  optical 

f  the  microscox>es  can  be  brought  into  one  vertical  plane,  very 

,  and  the  distances  between  consecutive  axes  can  be  made  closely 

tx)  1  metre. 

microscopes  used  in  all  determinations  of  the  length  of  the  iced 
K  17  are  Nos.  5  and  6  of  the  Survey  and  Nos.  1,  2,  3,  and  4  of  the 
id  base  apparatus  loaned  to  the  Survey  by  the  Corps  of  Engineers, 
Lrmy.    The  magnifying  power  of  the  two  former  is  50  diameters; 

four  latter  27  diameters.    The  Survey  microscopes  Nos.  5  and 
)  mounted  at  the  ends  of  the  comparator^  while  the  Bcpsold 
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microscopes  were  placed  in  the  intermediate  positions.  These  latter 
microscopes  have  each  about  2"^"^  lateral  motion  by  means  of  a  fine 
screw,  so  that  .their  axes  could  be  easily  put  in  line  vrith  theaxeeof 
the  end  microscope  at  any  time.  This  adjustment  was  accomplished 
by  bringing  a  fine  thread  well  stretched  to  focos  under  the  terminal  ] 
microscopes  and  then  moving  the  intermediate  microscope  till  their  | 
axes  were  coincident  with  the  thread.  The  error  of  this  adjustment  i 
has  never  exceeded  0*2°™.  The  Held  illumination  of  the  microscopes 
was  secured  by' glass  prisms  attached  in  front  of  the  microscope  objec- 
tives. Light  was  thrown  into  the  prism  and  thence  to  the  object  i 
observed  by  means  of  lenses  in  front  of  the  illuminating  lamps.  j 

In  making  comparisons  the  5^  bar  Bn  was  mounted  in  its  Y-troagh, 
iced,  and  aligned  in  the  manner  already  described.    The  trough  iras     : 
supported  on  its  lifting  jacks,  which  rested  on  the  comparator  ear.  The 
metre  used  was  Prototype  No.  21.    It  was  mounted  in  a  t^ooden  boi 
whose  interior  depth,  breadth,  and  length  are  11*0«™,  12'5*^",  and  llo-O*™, 
respectively.    It  was  supi)orted  by  light  brass  suspension  hooks  attached 
to  wooden  crosspieces  which  rested  on  the  sides  of  the  box.    The  books 
were  placed  at  distances  of  20^°'  from  the  ends  of  the  metre.    In  pack- 
ing the  metre  for  comparisons  it  was  completely  surrounded  to  a  depth 
of  5«"»  to  8°"  by  a  mixture  of  ice  pulverized  in  the  ice  crusher  and  by 
the  snow-like  particles  cut  with  a  jack  plane.    These  finer  particles 
could  be  crowded  into  the  grooves  of  the  bar  (which  has  an  X  cross 
section)  so  that  the  ice  would  be  in  actual  contact  with  the  surface  of 
the  bar  throughout  its  length.    After  thus  covering  the  metre  com 
pletely  small  holes  were  made  through  the  snow  packing  at  the  ends 
of  the  box  down  to  the  graduated  surfaces,  which  were  the  only  parts 
of  the  metre  expose4  to  the  external  air.    To  remove  condensed  mois- 
ture, which  is  sometimes  troublesome,  from  these  polished  surfaces,  a 
dry 'camel's  hair  brush  was  found  very  eflFective.    The  upper  surtace 
of  the  ice  pack  and  the  sides  of  the  box  were  protected  by  a  heavy  ^^^^ 
wrapping,  through  which  small  holes  were  cut  over  the  graduation 
marks.    The  box  was  provided  with  3-foot  screws  which  stood  on  pla^^ 
of  glass  resting  on  the  platform  of  the  comparator  car.    These  ft^ 
screws  served  to  bring  the  ends  of  the  metre  to  focus  under  the  nii^'^^ 
scopes,  the  requisite  lateral  and  longitudinal  adjustments  being  secit^ 
by  sliding  the  box  on  its  foot  screws  on  the  smooth  glass. 

To  pack  the  5"*  bar  40  to  45  kilogrammes  of  ice  were  used,  and  1^ 
12  kilogrammes  to  pack  the  metre.    The  ice  was  renewed  at  inter^^ 
of  twenty  to  forty  minutes,  but  the  melting  was  generally  very  sli 
during  such  intervals. 

Assuming  constancy  of  temperature  of  the  bars  under  comparis 
the  precision  of  the  method  just  outlined  evidently  depends  on  t^' 
stability  of  the  microscopes  used.    The  first  series  of  comparisons,  m 
in  July,  1891,  indicated  marked  instability  of  themicroscoi)es;  and 
eral  series  made  duiing  February  to  May,  1892,  rendered  it  cert^^ 
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at  the  office  comparator  described  above  was  quite  inadequate  to  the 
)Tk  in  qaestioD.  It  is  to  be  remarked,  however,  that  this  comparator 
M  not  designed  to  meet  the  requirements  of  such  work,  but  rather 
r  the  intercomparison  of  bars  of  the  same  length.  Its  use  for  the 
rlier  determinations  of  the  length  of  the  iced  bar  was  suggested  by 
Dsiderations  of  economy,  and  it  was  hoped  that  with  careful  manipu- 
tion  it  would  answer  the  purpose.  The  most  important  result,  bow- 
er, of  this  earlier  work  was  a  demonstration  of  the  necessity  of  a 
ferent  sort  of  comparator. 

rhe  defects  of  the  office  comparator  for  our  purpose  may  be  ascribed 
lefly  to  the  mode  of  mounting  the  microscopes.  Being  attached  as 
plained  above  by  means  of  brackets  clamped  to  the  I-beam,  their 
al  planes  fall  at  a  distance  of  about  0-5"*  below  the  beam.  Any 
iiige  of  curvature  or  temperature  of  that  beam  will  therefore  cause 
ative  displacements  of  the  microscopes.  Besting  as  the  beam  does 
±  the  friction  due  to  its  weight  on  the  piers,  it  is  in  general  iu  a 
te  of  longitudinal  stress,  which  is  frequently  relieved  by  vibrations 
nmunicated  to  the  piers  by  vehicles  passing  in  the  adjacent  street, 
e  temx>erature  of  the  comparing  room  changes  very  slowly  from  day 
day  when  not  occupied  long  by  the  observer,  or  when  lighted  for 
)rt  intervals.  But  the  comparisons  in  question  required  occupying 
'.  room  for  some  hours  per  day,  and  the  heat  from  the  observers  and 
ctric  lights  caused  notable  changes  in  the  temperature  of  the  beam, 
hough  it  was  wrapped  with  cotton  batting  and  encased  by  a  wooden 
K.  These  two  sources  of  disturbance  caused  large  irregular  displace- 
nts  of  the  microscopes  and  hence  large  ranges  in  the  resulting  values 
the  length  of  B^. 

2.)  Programme  of  observdtiona. — ^The  observations  were  made  in  such 
lanner  as  to  eliminate  the  effects  of  regular  displacements  of  the 
ro8coi)e8.  Thus,  calling  the  5™  bar  Br„  the  prototype  metre  No. 
If 21,  and  2>  the  distance  between  the  terminal  microscopes  of  the  com- 
a^tor,  the  following  scheme  was  adopted  iii  the  earliest  deterniiua- 
8  of  July,  1891 : 

(1)  A  measure  of  B  with  3/21. 
(a)    (2)  A  measure  of  D  with  Bn. 

(3)-  A  measure  of  2>  with  J/21,  in  reverse  direction. 

1  the  subsequent  determinations  of  February  and  March,  1892,  the 

ve  scheme  was  supplemented  by  additional  measures  with  Bn.    Thus 

programme  was: 


(1)  A  measure  of  B  w 

(2)  A  measure  of  i>  w 

(3)  A  measure  of  D  w 
(b)    (4)  A  measure  of  D  w 

(5)  A  measure  of  D  w 

(6)  A  measure  of  I>  w 

8.  Ex,  37—23. 


th  Bn. 

th  Mil* 

th  Bn. 

th  Bn. 

th  M21  in  reverse  direction. 

th  Bn. 
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In  some  instances,  also,  in  these  later  determinations  but  one  measure 
of  D  was  made  in  the  place  of  (3)  and  (4). 

In  all  determinations  of  length  the  observations  of  the  two  ends  of 
Bit  and  M%i  were  made  simultsmeously  by  two  different  observew. 
Thei  observers  also  in  every  case  exchanged  i)08itions  immediately 
'and  read  on  the  opposite  ends  of  the  bars,  in  order  to  eliminate  personal 
equation,  in  so  far  as  elimination  can  be  accomplished  by  sncli  iDter* 
change.  In  measuring  the  distance  between  the  terminal  microscopes 
of  the  comparator  with  If  21  care  was  taken  to  make  the  dependence  on 
the  low-pow^er  intermediate  microscopes  small  by  confining  the  meas- 
ures with  them  to  a  few  microns  in  each  case.  The  small  inequalities 
in  heights  of  the  focal  planes  of  the  microscopes  were  measured  by 
observing  the  inclination  of  a  suitably  delicate  level  tube  attached  to 
3/21  when  the  latter  was  brought  to  focus  under  the  microscopes. 
Eepeated  observations  by  this  method  gave  accurate  corrections  for 
such  inequalities. 

(3.)  Computation  of  length  of  Bn, — ^The  method  of  deriving  the  length 
of  Bn  from  the  observations  will  depend  in  general  on  the  hyj^thesis  we 
adopt  with  respect  to  the  motions  of  the  microscopes.  The  number  of 
hypotheses  available  is  restricted,  also,  by  the  number  of  observationSi 
Ignoring  for  the  moment  the  displacement  of  the  intermediate  micro- 
scopes, and  considering  the  second  programme  of  the  preceding  section, 
we  may  suppose,  for  example,  first,  that  the  distance  D  between  the 
zeros  of  the  terminal  microscopes  remains  invariable  from  the  time  of 
(1)  to  the  time  of  (6);  second,  that  D  varies  uniformly  with  the  time 
from  (1)  to  (6) ;  third,  that  D  varies  uniformly  at  a  rate  Zij  say,  from  (1) 
to  (3),  and  uniformly  at  a  rate  z^  from  (4)  to  (6) ;  fourth,  that  D  varies 
at  a  rate  z  +  2tot  from  (1)  to  (6),  z  and  w  being  constants  and  t  the  time 
beginning  with  (1).  All  these  hyi)othese8  were  tried  in  computing  the 
results  of  the  observations  of  February  and  March,  1892,  made  accord- 
ing to  the  more  elaborate  programme  given  above.  The  residuals 
brought  out  by  these  processes  were,  however,  far  greater  than  could 
be  attributed  to  errors  of  the  observational  class,  and  they  showed 
clearly  that  the  suppositions  were  rarely  in  accord  with  the  fkcts.  The 
reason  for  this  lack  of  accord  is  that  the  processes  do  not  take  adequate 
account  of  the  irregular  motions  of  the  microscopes,  and  especially  ^^ 
the  intermediate  microscopes. 

It  does  not  seem  worth  while,  therefore,  to  set  down  all  the  formnlfl^ 
vhich  result  from  the  above  suppositions  and  which  were  tried  as 
stated.  It  may  suflice  to  give  those  dependent  on  the  fourth  suppose 
tion.  We  observe,  first,  that  the  measures  (1)  and  (6)  and  (2)  and  (S\ 
were  made  at  equal  intervals,  respectively,  from  the  observations  (3) 
and  (4).  The  latter  two  were  made  so  near  together  that  they  may  he 
considered  simultaneous.  Secondly,  the  intervals  (1)  to  (3)  and  (4)  to 
(6)  were  about  twice  the  intervals  (2)  to  (3)  and  (4)  to  (5).  Now  let  9. 
be  the  micrometric  quantity  measured  in  any  of  the  cases  (1)  to  (6),  and 
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be  the  corresponding  correction  to  q^.    T&en,  assuming  the  mean 
times  of  (3)  and  (4)  as  the  epoch  for  D,  we  have  from  the  several 
ires— 


(1) 

D=  B„ 

-  'Iz  4-  4ic  +  q^  +  r,, 

(2) 

— Oitfji 

—     X!  +     w  -^  qt  +   Vt, 

(3) 

=  B„ 

+  qi  +  t>3, 

(*) 

=  B„ 

+  q*  +  f4, 

(5) 

=5^21 

+     2  +    Mj  +  g,  +  »6, 

(6) 

=  B„ 

+  2z  4-  4:ic  +  g«  +  Ve. 

tting  for  brevity 

m 

y  ^    B    --  -MSji, 

bove  relations  give  the  following  observation  equations: 

a?  +  y  +  22?  —  4w?  —  gi  =  t;„ . 

a?  4.  y  —  2;?  —  4m7  —  ^6  =  ^6. 

Iling  the  weights  of  the  measures  of  D  with  Bn  each  unity,  and  the 
its  of  the  measures  with  M2i  p^  each,  the  normal  equations  from 
ve  the  following  values: 

y  =  i  («2  +   85)  -  i  ((?i  -  ^3  -  ^4  +  ge), 

^_     2gi  4-  M2  -  JPg5  -  2g6,  (2) 

8  +  2p]~ 

«^  =  i(-  «i  +  33  +  34  -  ge). 

yill  be  observed  that  the  objective  quantity  x  is  independent  of 
eight  p.  This  weight  jp,  in  fact,  affects  only  the  rates  z^  Z\j  z^  of 
econd,  third,  and  fourth  assumptions  stated  above.  It  may  be 
*ked  also  that  the  value  of  x  is  the  same  for  the  first  three  assum])- 
and  differs  from  the  value  given  by  the  fourth  by  the  quantity  w. 
the  case  of  three  measures  only  of  i>,  as  in  the  determinations  of 
1891,  we  are  virtually  restricted  to  three  unknown  quantities, 
lence  to  the  assumption  that  D  varies  at  a  constant  rate.  If  in 
^{^^  9i7  ^9  93  denote  the  micrometric  quantities  of  the  three 
8  of  I>  we  have — 

0?  =  ^2  -  i  (gi  +  ga), 

y  =  i  («i  +  «3),  (3) 

^  =  i  ((Zi  -  93)- 
DO  tlid  errors  of  observation  in  all  determinations  of  £17  on  the 
comparator  are  completely  masked  by  the  large  displacements 
I  microscopes,  and  since  these  determinations  are  virtually  sux^er^ 
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seded  by  much  better  oues  uiiule  as  explained  iu  section  13,  it  do 
seem  worth  while  to  give  anything  bat  the  resulting  values  of; 
these  earlier  determinations. 

(4)  Length  of  Bn  from  observations  of  July ^  1891. — It  being  d 
desirable  to  know  the  approximate  length  of  Bn  before  using  it 
measures  of  Holton  Base,  a  few  determinations  were  made  just 
to  shipping  the  apparatus  to  Holton,  Ind.,  in  July,  1891. 
observations  were  made  by  Assistants  O.  H.  Tittmann  and  B.  8. 1 
ward,  and  the  record  was  kept  by  Mr.  John  F.  Hayford.  Th< 
gramme  (a)  of  section  2  was  followed.  The  computations  were 
by  Mr.  Hayford  and  checked  by  Mr.  Tittmann.  Table  I  foil 
gives  the  resulting  values  of  a?  =  5Mti  —  Bn,  The  first  column 
the  date,  the  second  the  orientation  of  Mzj,  the  third  the  values  oi 
the  different  orientations  of  Bn>  The  value  of  Mn  at  0°  C.  is  giv 
p.  83  of  "Rapport  sur  la  construction,  les  comparaisons  et  les  j 
operations  ayant  servi  ^  detennirier  les  equations  des  nouveau: 
totypes  m^triques,"  as 

M21  =  l™  +  2-5'*  at  0°  0- 
Table  l.—  ValueH  ofx  =  6M21  —  Bn  at  0«  C* 


• 

Values  of  x. 

Date. 

1S9I. 
July        6 
6 

End  of  Af„ 
north. 

A  end  of  Bi, 
north. 

B  end  of  B^t 
north. 

A 

17-8 

7 

265 

7 
8 

A 

17-2 
22*6 

9 

15 

-hi5-8H 

10 

15*0 

10 

364 

II 

22-6 

II 

B 

27-0 

•The  average  temperature  nhown  by  thertnoinetord  alongside  of  the  I-beam 
these  coinpariKons  was  21^'  C. 

•  Since  it  appears  highly  probable,  as  shown  below,  that  the  ob 
length  of  Bn  differs  with  differing  aspects  of  its  terminal  gradu: 
we  shall  derive  mean  values  oHx  in  every  case  for  each  of  the  two 
tations  of  Bn»    Thus  the  mean  values  from  the  above  table  are 

+  LM-G'*  i  2-0**  for  A  end  of  Bn  north, 
+  23-4'*  ±  2-(r  for  A  end  of  Bn  south. 

The  probable  error  assigned  to  each  result  here  is  derived  in  the 
manner  from  the  ten  observations  of  the  two  derived  quantities, 
probable  error  of  a  single  value  of  j:*  in  the  system  is  ±  4*5'' ,  wl 
a  little  less  than  the  milliouth  part  of  the  length  of  jBw, 
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get  the  corresponding  lengths  of  B^,  the  above  mean  vahies  must 
icreased  by  l-O^,  the  correction  for  inequalities  in  heights  of  the 
planes  of  the  microscopes  in  this  ciise,  and  the  above  value  of  M-n 
ed.    Thus  we  have  the  following  results  for  length  of  Bn  in  melt- 

Bn  =  5»  -  10-r  ±  2-0^  for  A  end  of  B^  north, 
Bn  =  S*"  -  11-9'*  ±  2-0'*  for  A  end  of  Bn  south. 

Length  of  Bn  fro7n  observations  of  February  and  March,  1892, — The 
vations  in  the  more  extended  series  of  determinations  of  February 
ifarch,  1892,  were  made  by  John  S.^  Siebert  and  R.  8.  Woodward, 
liebert  also  made  the  record,  and  in  order  to  facilitate  his  work  all 
)  micrometer  head  readings  (after  the  bisections  had  been  made) 
observed  and  called  out  by  Woodward.  Programme  (6)  of  section 
ve  was  followed  except  in  a  few  Instances  when  but  one  measure 
aade  with  Bn^  instead  of  (3)  and  (4)  of  the  programme.  Table  II 
ring  gives  the  results  of  these  determinations,  the  arrangement 
the  sa>me  as  in  Table  I.-  The  computations  of  the  quantity  x  were 
by  Siebert,  in  accordance  with  the  simpler  assumptions  explained 
tion  3,  while  the  corresponding  values  resulting  from  the  fourth 
)8e  assumptions  were  derived  by  Woodward.  The  two  sets  of 
«  were  checked  by  means  of  their  difference  w.  This  quantity 
exceeded  2-8**  and  was  generally  less  than  0*5^.  Its  use  does 
ve  residuals  materially  less  than  the  simpler  hypothesis. 


Table  II.— 

Vahies  of 

X  =  SM^i  - 

-  Bn  at  &>  G* 

End  of 

Vaiue  of  X. 

End  of 

Value  of  X. 

Dale. 

Af*x 

Acnd  of 

Date. 

north. 

A  end  of 

north. 

i9i7  north. 

£\i  south. 

1892. 

>                       1 

• 

1892. 

Vth.        4 

A 

-+-305^' 

Feb.      19 

A 

+  26-4;/ 

5 

15 

244 

20 

B 

13-9 

5 

]i 

233 

23 

A 

270 

6 

A 

339 

24 

B 

249 

8 

B 

37-6 

25 

A 

23*3 

8 

B 

27*2 

25 

A 

29-8 

10 

A 

33-4 

26 

B 

21-9 

10 

A 

25-4 

26 

B 

350 

II 

B 

22-1 

26 

B 

29- 1 

»3 

A 

265 

1                ^7 

A 

Z^Z 

13 

A 

244 

27 

A 

254 

15 

B 

304       ' 

Mar.       7 

A 

33*6 

15 

B 

31-4        1 

1                 7 

A 

29- 1 

16 

B 

22*4 

\               8 

B 

286 

16 

B 

1 8-6 

8 

B 

28- 1 

16 

B 

235 

9 

A 

367 

17 

A 

»3'2      1 

10 

B 

35-4 

17 

A 

252 

II 

A 

34-8 

18 

A 

3>-4 

12 

B 

240 

18 

A 

300 

i 

ring  the  tiine  these  determinatioiis  were  made,  the  air  temperature  in  the  corn- 
room  varied  from  aboat  5°  C.  np  to  about  10<^  C,  with  an  average  of  about 
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Computing  the  mean  values  from  Table  II  in  the  same  manner  as  the 
means  from  Table  I  were  computed,  we  have, 

07  =  +  26-7'*  ±  0-8'*  for  A  end  of  B^^  north, 
a?  =  +  28-3"  ±  0-8''  for  A  end  of  i?,T  south. 

The  probable  error  of  a  single  determination  of  x  from  this  series  is  j 

±  S'O",  which  indicates  an  appreciable  advantage  of  the  programme  | 

{h)  over  (a). 
If  we  group  the  results  in  Table  II  with  respect  to  the  orientation  of 

the  metre,  we  find  the  following  mean  values  of  xi 

+  27-4''  ±  1-2'^  for  A  end  of  Mtx  north,  )    -  ^.    .  ^   „   ., 
+  26.1'*  ±  1-2'^  for  A  end  of  If.  south!  f  ^  ""^  ^^  ^'^  "'^^^ 

■^  S*r.  t  It  f  f  '^^  1  ^^    "^^""i'  1  ^  end  of  ^.  south. 
+  26.8''  ±  1-4"  for  A  end  of  M^^  south. ) 

The  values  of  x  in  Table  II  require  a  correction  of  +0-4"  for  inequal 
ities  in  heights  of  the  focal  planes  of  the  microscopes.    Applying  thii^ 
correction  and  the  value  of  63f2i  at  0°  0.  there  result  for  the  length  of 
Bn  in  melting  ice — 

JBi7  =  6«"  -  14-6''  zt  0-8'  for  A  end  of  ^n  north, 
J?n  =  5"^  -  16-2''  ±  0-8"  for  A  end  of  £„  south. 

(6)  Sources  of  error, -^It  will  be  observed  that  the  individual  vato^^ 
of  0?  in  Tables  I  and  II  exhibit  wide  ranges;  amounting  to  2P  in^^^ 
former  and  to  24**  in  the  latter,  or,  at  the  maximum  to  1/200  000  part  ^ 
the  length  of  Bn.  Considering  errors  of  observation  alone,  it  api)e^ 
from  the  first  of  equations  (2),  section  3,  that  they  should  give  t^ 
single  determination  of  x  in  Table  II  a  probable  error  of  ±  J  e  V  ^ 
where  €  is  the  probable  error  of  a  single  microscope  reading.  1^ 
value  of  €  does  not  exceed  O-S**,  so  that  the  probable  error  of  a  sing 
value  of  a?  due  to  errors  of  observation  is  less  than  ±  0-8''.  Since  t 
total  probable  error  of  a  single  value  of  x  in  Table  II  is,  as  given  aboV 
±  S-O**,  the  reason  for  directing  attention  to  other  sources  of  em 
than  those  of  observation  is  evident. 

This  view  of  the  inquiry  was  reached  long  before  the  series  of  dete 
minations  condensed  in  Table  II  was  completed.  During  the  progre 
of  this  work,  in  fact,  many  experiments  were  made  with  the  hope 
locating  the  larger  sources  of  error  and  devising  means  for  their  elin 
nation  or  correction.  Thus,  (a),  delicate  levels  were  attached  to  tl 
brackets  of  the  terminal  microscopes  of  the  comparator.  They  int 
cated  that  the  microscopes  were  subject  to  both  sudden  and  progressi 
displacements,  which  were  frequently  large  in  amount,  (ft).  Tl 
question  whether  these  displacements  could  be  due  to  the  varying  poi 
tions  of  the  observers  and  the  microscope  car  was  examined,  with  tl 
result  that  no  effects  due  to  the  weight  of  either  were  produced.  { 
The  hypothesis  was  entertained  that  Bn  might  be  subject  to  lon| 
tudinal  stress,  and  hence  to  changes  of  length,  from  friction  on  the  sa 
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ports  in  its  Y-trongb.    This  hypothesis  was  tested  by  subjecting  the 
trongh  to  tension  and  compression  alternately.in  quick  succession,  and 
observing  the  length  of  Bn  in  terms  of  the  distance  between  the  termi- 
nal microscopes  which  were  suflBiciently  stable  for  the  brief  interval 
required.    Although  the  Y-trough  was  put  under  much  greater  stress 
than  that  to  which  it  is  ever  subject  in  the  uses  it  is  designed  to  meet, 
no  change  was  discovered  in  the  length  of  Bn.    Finally,  it  may  be  said, 
that  a  carefdl  study  of  the  variations  in  the  intervals  between  con- 
secutive microscopes,  as  measured  with  M^,  together  with  the  results 
of  the  experiments  just  outlined,  led  to  the  conclusion  that  the  irregular 
motions  of  the  microscopes  would  sufBce  to  account  for  the  wide  range 
amongst  the  derived  results. 

The  important  question  then  arose  whether  the  results  in  Tables  I 
and  II  were  affected  by  detrimental  constant  errors.  The  application 
of  the  levels  to  the  microscope  brackets,  as  explained  above,  indicated 
that  such  might  be  the  case.  It  became  desirable,  therefore,  to  deter- 
mine the  length  of  Bn  in  some  other  way.  The  method  which  sug- 
gested itself  by  reason  chiefly  of  its  economy,  and  the  results  attained 
in  its  application  are  explained  in  the  following  sections. 

I>BTBRMINATION    OF,  LENGTH    OF    Bn    BY    AID    OF   Big    ON    OFFICE 

COMPARATOR. 

(7)  Description  of  method. — The  time  required  to  measure  the  distance 

^etrween  the  terminal  microscopes  of  the  comparator  with  the  metre, 

*<5cording  to  the  direct  method,  was  12  to  20  minutes.    It  appeared 

P^Xibable,  therefore,  that  the  errors  due  to  motions  of  the  microscopes 

*^Uld  be  much  reduced  if  not  eliminated  by  diminishing  the  interval 

^^Ting  which  dependence  must  hang  on  their  stability.    To  accomplish 

^*^is  end,  a  steel  bar  of  the  same  dimensions  as  Bn  was  prepared  by  the 

r^^^strument  Division  of  the  Survey  and  subdivided  into  metre  spaces. 

.  ^  was  cut  down  to  its  mid  depth  at  intervals  of  one  metre  and  platinum 

5^dinra  plugs  were  inserted  to  receive  the  fiducial  lines.    The  plugs 

«re  carefully  polished  and  the  lines  were  successfully  ruled  by  Mr.  E. 

.  Fischer.    This  bar  is  designated  B^.    It  is  marked  by  a  letter  A  at 

e  end  and  by  a  letter  B  at  the  other. 

The  method  followed  in  determining  the  length  of  ^n  by  aid  of  ^ig 

^^-onsisted  essentially  in  comparing  each  of  the'  sub-spaces  of  Bis  with 

"^Qie  metre  jMii,  deriving  thus  the  total  length  of  B^,  and  then  comparing 

-^17  with  Bib. 

Bib  was  mounted  in  the  steel  Y-trough  where  it  could  be  accurately 
iJigned  and  where  its  flexure  could  be  measured.  Each  graduation 
l)lug  having  in  addition  to  a  single  transverse  line  two  longitudinal 
lines  separated  by  an  interval  of  0'2™",  Bib  could  be  aligned  in  the 
vertical  plane  by  means^of  the  five  microscopes  and  the  lateral  adjust- 
ing screws  of  the  trough.    For  alignment  in  the  horizontal  plane,  the 
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long  striding  level  was  used.  Its  feet  were  placed  directly  over  the 
graduation  plugs,  these  being  temporarily  protected  by  slips  of  smooth 
paper.  It  was  thus  possible  to  measure  the  inequalities  in  height  of 
the  plug  surfaces  to  the  nearest  tenth  of  a  millimetre  when  the  bar  was 
surrounded  by  ice.  The  vertical  adjusting  screws  dlrecfly  below  the 
plugs  were  first  brought  to  the  proper  positions.  After  these  were 
secured,  the  intermediate  vertical  screws  were  brought  up  to  contact 
with  the  bar  without  disturbing  its  shape  ^  shown  by  the  striding 
level;  all  these  adjustments  being  made  after  the  trough  had  assamed 
its  shape  due  to  a  full  load  of  ice.  It  is  to  be  remarked,  also,  that  ^u 
remained  in  the  Y-trough  in  the  same  position  throughout  the  com 
parisons.  Its  alignment  as  shown  by  the  microscopes  did  not  chang< 
al  its  graduation  marks  by  so  much  as  0-2"™. 

For  comparisons  with  Bu,  Bn  was  mounted  in  a  wooden  box  provide 
with  adjusting  screws  in  all  respects  similar  to  those  of  the  Y-trough. 

The  following  programme  was  adopted  in  this  determination  of  tt 
length  of  Bn'. 

(1)  Six  measures  of  the  sub-spaces  and  hence  length  of  B^  in  tern 

of  J/ii. 

(2)  Nine  measures  of  Bn  in  terms  of  Big. 

(3)  Six  measures  of  Bi^  as  in  (1). 

(4)  Nine  measures  of  Bn  as  in  (2). 

(5)  Six  measures  of  J^is  as  in  (1). 

In  comparing  the  subspaces  of  B^  with  the  metre  M^  the  foUowin 
programme  was  observed: 

(1)  Microscope  readings  on  subspace  ofBi^, 

(2)  Microscope  readings  on  Jfai- 

(3)  Eepetition  of  (1). 

(4)  Eepetition  of  (2). 

(5)  Eepetition  of  (1). 

Similarly,  iov  the  comparison  of  ^n  and  Bi^  the. plan  followed  wa 

(1)  Microscope  readings  on  Bn> 

(2)  Microscope  reiidings  on  B^. 

(3)  Microscope  readings  on  ^17. 

Bn  and  Bis  being  interchanged  alternately. 

The  observations  at  the  two  ends  of  the  bars  or  sub-spaces  were  ma 
simultaneously  by  two  observers  who  always  exchanged  places  a 
repeated  tlie  readings.  The  observers  were  John  S.  Siebert  and  E. 
Woodward,  Mr.  Siebert  keeping  the  record  as  explained  in  section  5 

(8)  Conqmtation  of  results. — In  deriving  the  lengths  of  the  8ub-spa< 
of  Bin  it  is  assumed  that  the  distance  l>i,  say,  between  the  zeros  of  a 
pair  of  microscopes  used  varied  uniformly  with  the  time.  Hence,  if 
designate  by  gi,  qz,  . . .  the  micrometric  quantities  observed  in  accoi 
ance  with  the  second  programme  of  section  7;  by  t?i,  Vj,  .  .  .  the  cor 
spending  corrections  to  these  observed  quantities;  by  z^  the  rate 
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change  of  J)f ;  by  »i,  the  length  of  a  sub-space;  and  count  time  from  the 
epoch  of  the  middle  observation,  we  shall  have — 

=  Mn  -    ^\  +  qt  +  Vi, 

=  «1  +   (73  +   ^'3, 

=  ^fn  +    Z\  +  Qa  +  ^4y 
=  «i     +  2r,  +  gs  +  Vi. 
If,  for  brevity,  we  put — 

Xi  =  Mil  —  «i, 

_  yi  =  A   -  3/21, 

the  above  relations  give  the  following  observation  equations: 

30i  +  yi  +  ^-2^1  -  (7i  =  ''i, 
yi+  ^1  —  <?2  =  »-2, 

^1  +  .Vi  —  73  =  '''.I,  (1) 

y,  —    ^1  -  q*  =  ^4, 
^i  +  yi  —  2^1  —  (jfs  =  %. 
^e  normal  equations  corresponding  to  these  give — 

^•|  =  k  iqi  +  (73  +  ^5)  —  i  (qz  +  ^4), 

yi  =  +  *  (</2  +  «4),  (2) 

^i  =  A  (2<7i  +  gs  -  (?4  -  2^5). 

^t  may  be  observed  that  the  values  of  j?i  and  ^i  in  (2)  are  precisely  the 
^*Dt^  as  those  which  would  result  if  J),  were  assumed  to  remain  invaria- 
^'^y  or  the  same  as  if  Zi  were  omitted  from  (1).  The  introduction  of  5^1 
*'*^^8  simply  to  give  the  change  in  D|  and  diminish  the  residuals  v. 

^1^6  computations  were  made  in  duplicate  according  to  the  above 
^'"'^ulas  by  Messrs.  Siebert  and  Woodward,  the  residuals  as  well  as 
"^  objective  quantity  Xi  being  worked  out  in  every  case. 
^^  deriving  the  length,  of  Bn  in  terms  of  Hie,  the  computation  was  in 
^^spects  similar  to  that  just  outlined,  and  it  was  made  by  the  same 

^^)  Summary  of  restilts. — ^Table  III  following  gives  the  resulting 

^**x^es  of  iPi,  d?2, . . .,  or^Ti,  for  the  several  sub-spaces  of  ^g.  ^i  refers  to 

th^  :fif8t  sub-space  of  B^  counting  from  the  A  end  towards  the  B  end ;  x.^ 

^  ^lie  next  space  in  the  same  order,  etc.    The  first  column  of  the  table 

K^^^s  the  date  of  the  determination;  the  second  the  orientation  of  the 

^^t;re  Mn ;  the  next  five  give  the  values  of  Xi ;  the  eighth  gives  tlie  sum 

of  tliea?i,  or  the  excess  of  iiM^i  over  the  whole  length  of  JBisj  and  the 

la%t  column  gives  the  mean  values  of  2xi  for  the  three  groups  of 

A^tenninations.    It  will  be  remembered  that  the  length  of  any  sub- 

space  «i  is  given  by  the  equation 


all 


*i  ^  M21  —  Xi. 
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Table  III.— Values  of  x^  and  Sx,  for  Bu  at  0^  0. 


Date. 

End  of 
Afn  north. 

JTl. 

Xj. 

«,. 

««. 

«•• 

2n. 

MeAn 
of 

1892. 

M 

fi 

M 

M 

M 

Apr.     25 

A 

+  1314 

-I-0-2 

4-12-8 

4-3-2 

4-29-6 

4-59*2 

26 

B 

+  140 

--2-2 

4-IO-3 

4-4-7 

4-29-3 

4-60-5 

26 

B 

+i5-i 

—1-3 

4-  9-8 

4-3-1 

4-30-9 

4-57-6 

27 

A 

-f  9-8 

+3-1 

4-  6-2 

4-57 

4-304 

4-55-2 

27 

A 

+  »3-3 

4-2-2 

4-  9-5 

4-4-6 

4-296 

4-590 

28 

A 

-+107 

+47 

4-  8-9 

4-2-9 

4-30-3 

4-57-5 

-f- 

May       2 

B 

+  II-6 

-f  1-2 

4-  2-6 

4-0-0 

4-32-3 

4-47-7 

2 

B 

+  15-2 

+2-3 

+  8-1 

4-1-4 

4-30-8 

4-57-8 

3 

A 

4-140 

4-2-5 

4-  5-5 

4-3*2 

4-25-0 

4-50-2 

3 

A 

+  II-6 

4-4-3 

4-  5-2 

4-4-4 

4-29-8 

+55-3 

4 

B 

--13-2 

-fi-3 

4-  3-5 

4-5-0 

4-318 

4-54-8 

4 

B 

+  14-9 

4-3-6 

+  5-6 

4-4-6 

4-29-3 

4-580 

4 

7 

A 

4-14-6 

4-1-2 

4-  3-8 

— i-o 

4-30-0 

4-48-6 

7 

A 

4-12-2 

— o-i 

4-  4-7 

-f2-8 

4-3C-3 

4-49"9 

« 

9 

B 

-|-I2'2 

+"•5 

4-  70 

— 0-2 

4-3 « -4 

4-51-9 

9 

B 

4-12-4 

-6-5 

4-IO-9 

4-2-4 

4-33-8 

4-53-0 

10 

A 

4-12-9 

~6-6 

4-II-9 

4-I-I 

4-34-8 

4-54-1 

10 

B 

4-12-9 

-S'5 

4-  95 

4-0-8 

4-279 

4-45-6 

- 

Table  IV  gives  the  results  of  the  comparisons  of  Bit  and  Bn 
first  column  gives  the  date  of  the  comparison,  the  second  the  0 
tion  of  J?n)  the  third  the  individual  value  of  Bn  —  Bis  from  a 
observations,  the  fourth  the  mean  value  of  the  set,  and  the  fi 
group  mean. 

Each  result  in  the  third  column  is  derived  from  three  read: 
Bn  and  three  on  jBis,  the  order  of  readings  being  J?n,  J^jg,  Bn,  a 
Bnj  Bi^j  with  an  interchange  of  the  bars  from  set  to  set.  The  c 
tion  of  JBi8,  as  explained  above,  remained  unchanged  througb 
work.  During  the  intervals  bet  ween  sets  of  observations  the  ba 
re-iced  and  the  curvature  of  Bn  observed  with  the  long  stridiuj 

Table  lY.— Values  ofBn  —  Bisat  0^  C. 


Date. 
1892. 

End  of 
-^17  north. 

Bff — Bi%. 

Meftn  of  set. 

Group 
mean. 

M 

Apr.     29 

A 

4-29-4 
28-0 
302 

• 

M 

4-29-2 

30 

A 

1     284 
298 
30-2 

4-295 

30 

A 

33-8 
30-0 

fi 

• 

32-5 

4-32-1 

4-30-3 

May       5 

B 

4-260 
286 
265 

-|-27-o 

5 

B 

32-6 

335 
313 

32-5 

5 

B 

308 
32-4 

27-4 

30-2 

-f29-9 
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(10)  8ouree9  of  error. — The  principal  sources  of  error  to  wliict  the 
revolts  in  Tables  III  and  IV  are  subject  are:  (a)  those  of  observation^ 
(b)  those  due  to  instability  of  the  microscopes,  and  (c)  those  due  to  flex- 
ure of  JSjs.  The  results  involve  the  aggregate  effect  of  these  three 
soarces,  but  it  is  practicable  to  estimate  their  separate  effects.  Thi» 
we  now  proceed  to  do. 

The  quantities  q  in  equations  (1)  and  (2)  of  section  8  are  of  the  form 

where  E^^  R'^^y  and  £.,  R\  denote  the  microscope  readings  at  the  north 
and  south  ends  respectively  of  M%\  or  of  a  sub-space  of  ^is,  as  the  case 
niay  be.  Hence  if  f  is  the  probable  error  of  a  single  microscope  read- 
ings the  probable  error  of  q  due  to  this  source  alone  is  alsoe;  and  it 
follows  from  the  &st  of  equations  (2),  section  8,  that  the  probable  error 

of  a  single  determination  of  o^i  is  dL  b  yj-x.    The  value  of  e,  as  shown  by 

direct  observation,  is  less  than  0*5''.    Hence  the  probable  error  of  a 
single  value  of  a?i  due  to  erfors  of  observation  alone  is  less  than  O'S** . 

The  assumption  adopted  in  computing  the  values  of  the  sub-spaces  on 
-^18  is  that  the  interval  between  the  zeros  of  the  pair  of  microscopes 
ttsed  in  determining  any  space  changed  uniformly  with  the  time 
^<inired  to  make  the  observations.  K  this  is  not  a  true  assumption, 
^^  if  the  microscopes  were  subject  to  large  irregular  displacements, 
^^  should  expect  to  find  the  probable  errors  of  the  quantities  q  and  a?i 
"^rired  from  the  residuals  v  of  equations  (1),  section  8,  larger  than 
^i^ose  given  under  (a)  above.    Such  is,  in  fact,  the  case. 

It  is  essential  to  observe  here  that  errors  due  to  flexure  of  J5ie,  or 
^H»nges  in  length  of  the  sub- spaces,  if  they  were  at  all  formidable,  did 
^^^t  appear  in  the  residuals  v  of  the  equations  used.  Such  changes  can 
^^^ly  occur  slowly,  from  day  to  day,  or  during  longer  periods,  since  they 
^^e  primarily  due  to  the  change  in  shape  of  the  Y-trough,  which  is 
^flfected  only  by  marked  changes  of  the  surrounding  air  temperature, 
"'^le  time  required  to  make  a  set  of  observations  in  a  comparison  of  M%i 
^ith  a  sub-space  was  only  6  to  8  minutes.  It  appears  practically  cer- 
^Hin,  therefore,  that  the  residuals  brought  out  in  the  computation 
^^ivolve  only  the  two  sources  (a)  and  (b). 

In  the  90  determinations  of  the  5  sub-spaces  there  were  450  residuals 
Hiiid  270  unknowns,  as  .shown  by  the  formulas  (1)  and  (2)  used  in  the 
^^mputation.  The  sum  of  the  squares  of  these  residuals  is  351-4,  the 
'^nit  being  a  micron.  Hence  if  f  i  denote  the  probable  error  of  a  single 
observed  value  of  g, 

/     351^4 

Whence  __ 

probable  error  of  one  value  of  a?i  =  Si  J^  =  .-t  1'2'*, 

/2B 
probable  error  of  2x^  =  e^  J  -^  =  ^"I'V  • 
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Comparing  these  errors  with  those  due  to  observation  alone, it  appears 
that  the  probable  error  of  a  value  of  q  due  to  iustabilily  of  microscopes  is 

and  that  the  corresponding  value  for  Xi  is  only  slightly  less. 

An  examination  of  the  individual  residuals  of  the  different  sets  of 
observations  indicates  that  the  assumption  of  a  constant  rate  of  change 
of  a  microscope  interval  was  frequently  not  realized.  In  the  entire 
number  of  residuals  there  were  twenty  whose  values  rose  to  or  exceeded 

2  ^5-while  six  exceeded  3  ** ,  the  maximum  being  3*  7  ** .  These  large  resid- 
uals, it  is  believed,  are  due  to  sudden  displacements  of  the  microscopes. 
No  other  hypothesis  appears  competent  to  exi)lain  them,  unless  it  be 
that  of  sudden  changes  in  temperature  of  the  bars  under  comparisou. 
The  above  probable  error  of  2xi,  or  the  probable  error  of  one  deter- 
mination of  the  length  of  B^g  is  ±  2*7'* .  The  corresponding  value  for  a 
single  determination  of  B^  by  the  direct  process,  as  given  in  section  6, 

is  i  S'G**.  Hence  it  would  appear  that  the  process  of  getting  the  entire 
length  of  Bib  was  subject  to  considerably  less  error  than  the  direct 
determination  of  Bn, 

The  group  means  in  the  last  column  of  Table  III  indicate  a  progresj^- 
ive  change  in  the  length  of  -Bis  during  the  series  of  comparisons,  which 
extended  from  April  25  to  May  10,  1892.  The  cause  of  this  change^  if 
real,  is  important,  and  much  study  was  given  to  it. 

It  may  be  observed,  before  considering  any  other  cause,  that  the  t^o 
sources  of  error  already  examined  are  not  altogether  incomi>etent  to 
account  for  the  range  which  these  group  means  show.    That  range  is 

about  8**.    The  x)robable  error  of  one  group  mean  is,  if  we  adopt  th^^ 
probable  error  of  2xi  given  above  as  a  basis,  ^  fi  =  it  I'D**.    Thns  ^ 

range  of  8**  would  be  accounted  for  by  errors  of  opposite  signs  n^ 
greater  than  four  times  this  probable  error,  but  the  probability  of  sucl^ 
an  explanation  is  too  small  to  be  satisfactory.    Hence  we  proceed  to^ 
examine  the  question  of  the  effect  of  flexure  of  B^g  on  its  observed 
leugth. 

Since  the  surfaces  of  the  intermediate  graduation  plugs  of  Big  are 
not  in  the  neutral  surface  of  the  bar,  any  change  in  its  curvature  will 
tend  to  displace  the  fiducial  lines  on  those  intermediate  plugs.  This 
source  of  difficulty  was  anticipated,  and  the  measures  of  the  flexure 
with  the  long  striding  level,  as  already  explained,  were  made  for  the 
purpose  of  -supplying  any  needed  correction.  It  is  obvious  that  no 
considerable  variation  in  the  whole  measured  length  of  B^  could  occur 
except  through  large  changes  in  its  curvature — such,  for  example^ 
as  a  change  from  marked  concavity  upwards  to  marked  convexity 
upwards.    No  such  change  occurred,  however,  the  bar  remaining,  as  will 
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[y  appear,  concave  upwards  throughout  the  work.  Again, 
ere  could  be  no  displacement  of  the  terminal  lines  of  B^  from 
se,  the  sum  of  the  sub-spaces,  as  measured  at  any  time,  should 
bly  free  from  the  effects  of  displacements  of  the  intermediate 
iless  the  bar  was  subject  to  marked  changes  of  curvature  dur- 
30  or  40  minutes  required  to  compare  the  sub-spaces  with  M21. 
s  no  indication  that  Bu  underwent  any  changes  of  curvature 
lan  those  due  to  the  slowly  fiuctuatiug  temperatures  of  the  air 
omparing  room,  which  were  sufficient,  it  would  appear,  to  affect 
of  the  Y-trough  and  hence  B^  by  small  amounts.  Moreover, 
)rved  variations  inlength  of  the  sub-spaces,  if  due  to  displa^e- 
f  the  intermediate  graduation  lines  arising  from  slow  changes 
bture  of  Bigy  ought  to  appear  as  a  linear  function  of  the  observed 
\  of  curvature. 

in  brief,  were  the  considerations  which  led  to  the  use  of  J5ia  for 
pose  in  question,  notwithstanding  the  obvious  objection  to  its 
invariability  in  length  of  the  sub-spaces  is  required.    Let  us 
^mine  the  facts  brought  out  by  the  observations.  ^ 

an  inspection  of  the  results  in  Table  III  it  is  seen  that  the 
US  of  the  quantities  Xi  are  greatest  for  the  intermediate  sub- 
Taking  mean  values  of  jpi  for  the  three  groups  of  observations, 
e 


Date.          ! 

.r,. 

-r,. 

^4- 

-r». 

1 
1892. 
Apr.   25-28 
May      2-  4 
7-10 

1   127 

i  13-4 

4- 1 2-6 

•  1-8 
;  2-5 

-27 

-9-6 

-  51 
'  8-0 

-i-ro 

300 
298 

431-4 

appears  that  while  the  observed  values  of  the  teruunal  sub- 
ire  very  ai^cordant  in  these  means,  the  corresponding  values  of 
^rmediate  sub-spaces  are  very  discordant.  The  most  striking 
e  those  of  Xj  and  X3,  which  varied  by  5'2^  and  4*5'* ,  respectively, 
mean  values^  and  one  might  be  led  to  the  inference  that  the 
diate  sub-spaces  were  subject  to  marked  cbanges  in  length.  In 
h  this  inference  it  is  instructive  to  compare  the  above  mean 
with,  the  ranges  among  the  corresponding  individual  values  of 
le  several  groups.    These  ranges  are  for — 


Date. 

X,. 

jr,. 

j'l. 

.4. 

-»«. 

1892. 

fi 

/i 

ft 

^ 

u 

Apr.   25-28 

53 

6*o 

6-6 

2-8 

1-6 

May     2-  4 

3-6 

31 

55 

50 

7*3 

7-10 

2-4 

7-8 

81 

3« 

69 
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From  these  it  would  not  seem  safe  to  infer  that  the  terminal  sub-spaces 
were  subject  to  less  error  in  their  determination  than  the  other  spaces, 
although  the  mean  values  of  those  terminal  sub-spaces  are  by  fas  the 
most  accordant.  Moreover,  an  examination  of  the  above  groap  means 
of  Xi  does  not  indicate  such  displacements  of  the  intermediate  gradua- 
tion marks  as  would  result  from  slow  changes  in  curvature  of  £u;  for, 
since  the  length  of  any  sub-space  s^  is 

»i  =  lf2i  — a?i, 

it  would  appear  from  those  means  that,  while  Si  and  Ss  remained  inyan- 
able,  8t  and  ««  both  increased,  the  one  by  4-5'^  and  the  other  by 
3*0 '',  and  that  the  middle  space  «3  increased  by  4*5'^  from  the  first  to  the 
second  group  and  decreased  by  2-9'*  from  the  second  to  the  third 
group.  It  seems  very  improbable  that  the  intermediate  gradaations 
could  have  been  so  displaced  as  to  leave  «i  and  s^  invariable  and  at  the 
same  time  cause  the  specified  changes  in  «2,  s^j  S4. 

The  observed  changes  in  curvature  of  B^  are  given  in  Table  T 
below.  These  were  measured  with  the  long  striding  level  which 
r^l^^hed  from  any  plug  to  the  adjacent  plug  on  either  side.  The  valae 
of  one  division  of  the  bubble  used  on  this  level  was  15".  The  level  was 
always  reversed  in  observing  the  relative  heights  of  adjacent  plugs; 
and  as  the  time  required  to  make  such  a  measure  was  less  than  two 
minutes,  the  observed  quantities  are  subject  to  no  important  errors. 
The  quantities  given  in  the  table  are  the  ordinates  of  the  intermediate 
graduation  plugs  measured  at  right  angles  to  the  straight  line  joining 
the  terminal  plugs  of  B^.  They  are  designated  by  ^i,  the  sufl^  cor- 
responding to  the  number  of  the  plug  counting  from  the  A  end  toward 
the  B  end.  The  minus  sign  indicates  that  the  plug  is  below  the  lino 
of  reference.* 

*Ifhi,h9,..ht  denote  the  differences  in  height  of  the  pings  for  the  soccesBiTe 
BpaceSy  and  «  the  slope  per  metre  of  the  line  Joining  the  terminal  plugs,  the  quaali" 
ties  yi  are  given  by  the  following  equations : 

ya  =  *i-f-^i  +  ^  — 3», 

y4  =  *i  +  *a  4-  *3  -f  h^~i». 

The  quantities  hi,  h^,  h^,  h^,  ti^  are  observed  directly  with  the  striding  level 
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Table  V. — Observed  ordinates  of  curvature  of  Jffia. 


Date. 

yt' 

>»• 

U' 

^i. 

3-Ki. 

1892. 

mm. 

mm. 

mm. 

mm. 

fftm. 

Apr.     25 

— 025 

—0*23 

-0-14^ 

— 037 

_o-99 

26 

•12 

•09 

•00 

•18 

•38 

27 

•05 

•17 

•03 

•24 

•50 

27 

•'5 

•24 

-12 

•33 

•85 

28 

•12 

•12 

•00 

•27 

•51 

29 

•24 

•19 

—  04 

•29 

•76 

30 

•13 

•04 

-J--I2 

•07 

•12 

May       2 

•27 

•28 

— "02 

'45 

I^02 

3 

•18 

•24 

•06 

•42 

0-91 

4 

•30 

•42 

•27 

•40 

1-38 

5 

•45 

•50 

•35 

•31 

i^6i 

7 

•25 

•35 

•26 

•39 

1*25 

9 

•22 

•35 

•25 

•27 

1*09 

10 

•46 

•54 

•37 

•37 

174 

10 

•48 

•50 

•37 

•35 

1-69 



resalts  in  this  table  show  that  the  bar  was  concave  upwards 
hout  the  work.  The  mean  values  corresponding  to  the  three 
of  comparisons  of  the  sub-spaces  are 


yt' 

y- 

y*- 

^f. 

mm. 

mm* 

mm. 

mm. 

Apr.   25-30 

— 01 4 

— 0*17 

— 006 

—0-28 

May     2-  4 

•25 

•31 

•12 

•42 

May     7-IO 

•35 

•43 

•31 

•34 

5,  with  the  exception  of  ys,  show  an  increase  by  small  amounts 
oncavity  with  the  time.  This  is  precisely  what  we  should  expect 
e  slow  seasonal  rise  of  the  air  temperature  in  the  comparing 
They  do  not  appear  to  bear  any  relation,  however,  to  the 
d  changes  in  the  values  of  the  sub-spaces* 
'>y  then,  could  have  been  the  cause  of  the  large  variations  in  the 
)f  the  group  means  of  the  intermediate  sub-spaces?  I  am  unable 
rer  this  question  except  with  the  suggestion  that  the  shifting 
3ed  bar  and  metre  from  one  position  to  another  under  the  beam 
t^  the  microscopes  were  attached  produced  at  times  systematic 
}  in  the  intervals  between  those  microscopies.  If  such  changes 
d,  one  WOUI4  expect  them  to  be  greater  for  the  intermediate 
opes  than  for  the  terminal  ones,  for  neither  the  Y-trongh  nor  the 
s^hich  the  metre  was  iced  projected  beyond  the  terminal  micro- 
and  currents  of  air  due  to  the  nearness  or  remoteness  of  thft  \ca 
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loads  would  obviously  be  most  effective  in  disturbing  the  intermediate 
microscopes. 

Finally,  recurring  to  the  comparisons  of  Bn  and  ^is,  the  results  of 
which  are  exliibited  in  Table  lY,  no  indication  is  seen  of  a  change  in 
the  entire  length  of  -Bw.  In  fact,  the  results  in  Table  IV  do  not  sbow 
any  striking  anomalies.  The  range  amongst  the  means  of  the  different 
sets  of  comparisons  is  but  d-o'^ ,  and  the  group  meauH  agree  quite  as 
well  as  one  could  expect. 

(11)  Adopted  length  o/Bn  derived  by  aid  of  Big. — In  the  absence  of  a 
satisfactory  explanation  of  the  variation  of  the  observed  values  of  ^ig 
in  terms  of  Jlf2i,  we  can  do  no  better  than  to  take  the  mean  of  the  three 
group  means  in  the  last  column  of  Table  III  for  the  relation  of  these 
two  bars.    This  relation  is 

J5,a  =  5i¥2i-o4:-2''±l-6'*, 

the  probable  error  being  derived  ftom  the  discrepancies  between  the 
three  individual  values  and  their  mean.    To  this  value  there  is  to  be 
suided  a  correction  of  — O-l**,  which  is  the  average  amount  by  which 
the  distance  between  the  terminal  marks  of  Bi^  fell  short  of  the  som  of 
the  sub-spaces.    It  is  found  by  projecting  the  sub-spaces  on  the  line 
joining  the  terminal  marks,  the  data  for  such  projection  being  given  ^ 
Table  V.    Applying  this  correction  and  introducing  the  value  of  Ma 
at  0°  C,  namely, 

3/21  =  r  + 2-5'*, 

there  results 

Bin  =  5'"  -  41-8'*  ±  1-6**  at  0°  O. 


In  deriving  values  for  the  relation  of  Bn  to  B^b  we  may  take  the  mea^"*^ 
of  the  observed  values  for  the  two  orientitious  of  Bn  and  compute  t  -^ 
probable  errors  of  these  means  from  all  the  discrepancies  between  th^^^ 
and  the  individual  measures  on  which  they  depend.    Thus  weha**^"" 
from  Table  IV 

^17  =  J5,8  +  30-;]'*  ±  Q-9'* ,  A  end  of  B^  north. 
J5,7  =  1^,8  +  29-9   ±0-9  ,  A  end  of  J5n  south. 

Introducing  in  these  last  equations  the  value  of  B^^  given  abov^^ 
there  result  for  the  length  of  Bn  in  melting  ice 


Bn  =  5'"  -  ll-o*^  ±  l-S'* ,  A  end  of  Bn  north. 
^17  =  5   -11-9   ±1-S  ,  A  end  of  l?i7  south. 

(12)  Values  of  suh-spacea  of  Bm, — Since  the  subspaces  of  B^  afforc^ 
multiples  of  one  metre  up  to  five  metres,"it  may  not  be  out  of  place  to  giv(^ 
the  values  of  the  several  sub-spaces  resulting  from  these  comparisous-i' 
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[leans  of  the  three  group  means  given  in  section  10  for  each 
a^i,  we  find 

"a?,  =-+12-9'*i0-7'', 

aj,  =  +    0-5    ±  0-7  , 

a73  =  +    7-6    ±  0-7  , 

iT^  =  +    2-7    ±  0-7  , 

a?5  =  +  30r4   ±  0-7  . 

• 

obable  errors  assigned  to  these  values  are  derived  from  the 
\  resulting  from  a  comparison  of  each  adopted  mean  with  its 
)ap  means.  Thns  the  sum  of  the  squares  of  all  the  residuals 
The  number  of  residuals  is  15,  and  the  numlbcr  of  unknowns  is 
»  the  probable  error  of  one  group  mean  is  ±  1*2**,  and  the 
error  of  each  adopted  value  of  iFj  is  i  1-2''/  /3  =  i  0'7''. 
my  sub-space  «i  is  expressed  by  the  relation 

Jlf2i  =  l™  +  2-5'*, 

lults  for  the  sub-spaces  on  /i,B  when  it  is  packed  in  melting  ice 

«j  =  l»"-10-4'*±0-7'*, 
=  1    +   2-0    i  0-7  , 


«3  =  1  -  5-1  ±  0-7  , 
«,  =  1  -  0-2  ±  0-7  , 
%  =  1    -  27-9    ±  0-7  . 

spaces,  it  may  be  again  remarked,  are  the  successive  spaces  on 
ting  from  its  A  end  toward  its  B  end.  It  must  be  observed, 
t  these  values  appertain  to  Bi^  when  supported  and  aligned  in 
ugh,  as  already  explained  at  length. 

DETERMINATION  OF  Bx^  ON  NEW  COMPARATOR. 

escription  of  apparatus. — On  completing  the  determinations  of 
d  of  the  office  comparator,  and  studying  the  results  after  the 
letailed  in  the  prece<ling  sections,  it  became  evident  that  any 
lich  might  be  adopted  for  Bn  would  not  have  a  precision  com- 
^ith  that  attained  in  tlie  use  of  the  iced  bar  apparatus  on  the 
iparator  and  standard  kilometre  of  Holton  Base.  It  was  plain, 
t  the  principal  source  of  the  difficulty  which  thus  presented 
in  the  instability  of  the  microscopes  of  the  office  comparator, 
ition  which  logically  followed,  and  which  it  appeared  essential 
ir,  was  whether  this  instability  gave  rise  to  any  systematic 
the  length  of  J?i:.  .The  long  series  of  direct  determinations  of 
f  to  March,  1892,  did  not  seem  to  justify  an  affirmative  answer 
uestion;  but  the  indirect  determinations  by  aid  of  Bn  did  not 

Ex.  37—24 
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warrant'a  negative  abswer.    There  appeared  to  be  no  way  out  of  this 
dilemma  except  to  build  a  comparator  designed  especially  for  the  pur- 
pose of  getting  the  length  of  ^17.    Accordingly  plans  for  a  new  com- 
pacator  were  drawn  up  and  approved  by  the  Superintendent  of  tlie 
Survey,  and  the  work  of  construction  was  completed  during  June  and 
early  July,  1892.    It  was  designed  with  a  view  to  direct  determinations 
by  measuring  a  distance  of  6™  with  a  Prototype  in  ice,  and  then  trans- 
ferring this  distance  to  Bn  in  the  manner  already  described.  ^ji^ 

This  comparator  was  constructed  in  a  vacant  lot  adjacent  to  t^^ 
Survey  Office.   Briefly  described,  it  consists  of  six  brick  piers  resting  <y^ 
a  continuous  foundation  of  6  cubic  metres  of  well-rammed  ooncre^j^ 
The  foundation  is  1™  by  1™  in  cross  section  and  rises  to  the  level  of  t>li^ 
ground  surface.    The  foundation  and  piers  are  both  set  in  Portla^^s^^ 
cement  and  their  combined  weight  is  about  12  tons  (11000  kiXo- 
grammes).    The  exposed  parts  of  the  foundation  and  the  ground  n^^^ 
about  are  covered  to  a  depth  of  a  decimetre  with  sawdust.    The  tert^cii- 
nal  piers  were  arranged  to  receive  the  Survey  microscopes  6  and      ^? 
already  described  in  section  1.    Connection  between  these  microscoi^^^s 
and  the  piers  was  secured  by  means  of  heavy  cast-iron  plates,  held  fw-^-st 
by  long  bolts  built  into  the  piers,  insuring  thus  an^ple  rigiditJ^    TI*^® 
intermediate  piers  had  built  into  them  heavy  stone  posts,  on  which  t9-^^ 
post  caps  of  the  Eepsold  microscopes  could  be  mounted  as  when  iis^^ 
in  fieldwork.    These  connections  were  also  very  rigid ;  and  the  gre^^^^ 
weight  of  the  piers  and  foundation,  which  were  virtually  one  macg  ^ 
gave  a  very  satisfactory  degree  of  stability.    The  piers  were  rang^5^ 
in  an  east  and  west  line,  nearly.    To  protect  them  from  the  sun  ai^  ^ 


storms  a  shed  S-G*"  long  by  3™  wide  was  built  over  them.    The  nort::^  ^ 
side  of  the  shed  was  left  open  until  after  the  comparisons  of  July  an 
August,  1892,  were  completed,  a  temporary  coyer  of  canvass  bein. 
applied  at  night-time,  or  when  the  comparator  was  not  in  use.    It  wi 
thus  possible  to  use  daylight  for  illuminating  the  microscopes,  and 
free  circulation  of  air  was  permitted  within  the  shed.    To  protect  th^^^ 
microscopes  from  currents  of  air  and  from  the  ice  packs  of  the  bars<>^ 
their  tubes  and  their  metallic  connections  with  the  piers  were  heavil] 
wrapped  with  cotton  batting. 

The  axes  of  the  microscopes  were  made  vertical  by  means  of  levels 
attached  to  their  tubes.  Their  axes  were  put  into  one  vertical  plane 
and  their  focal  planes  made  nearly  coincident  by  bringing  them  all  to 
focus  and  bisection  on  a  fine  thread  stretched  under  them.  The  remain- 
ing small  differences  in  elevation  of  the  focal  planes  were  measured 
from  time  to  time  by  observing  the  readings  of  a  level  (having  12'5''  per 
division)  attached  to  Prototyx)e  No.  21  when  it  was  brought  to  focus 
under  the  microscopes. 

The  metre  and  5"  bars  were  moved  under  the  microscopes  on  portable 
tracks  supported  on  posts  isolated  from  the  piers.  The  track  for  the 
metre  was  a  stiff  truss  of  cypress  wood.    One  rail  of  this  truss  had  a 
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cross  section  shaped  like  a  trancated  A,  while  the  other  was  flat.    The 

car  carrying  the  metre  box  was  made  to  slide  on  these  rails.    By  means 

of  suitable  lateral  and  longitadinal  stops  this  trnss  could  be  held  in 

such  a  position  that  only  small  lateral  motions  of  the  metre  box  on  its 

car  were  required.    These  small  lateral  motions  and  small  longitudinal 

motions  as  well,  of  the  box  on  the  car,  were  accomplished  by  means  of 

a  system  of  slow-motion  screws.     The  metre  box  was  also  provided 

with  three  leveling  screws.    These  provisions  made  it  possible  to  bring 

the  metre  to  focus,  and  to  position  within  a  few  microns,  with  ease  and 

rapidity. 

The  5°'  bar  was  mounted  in  its  Y-trough  and  moved  on  the  same  cars 
ftnd  track  used  with  it  in  the  field  work.  It  was  handled,  in  fact,  in 
the  determinations  about  to  be  given,  in  precisely  the  same  m'anner  as 
iu  measuring  a  line  in  the  field. 

Both  bars  were  moved  under  the  microscopes  along  the  south  side 
of  the  piers.  When  the  metre  was  not  under  observation  it  was 
removed,  together  with  its  car  and  track,  to  suitable  brackets  on  the 
sonth  side  of  the  comparator  shed.  When  Bn  was  not  under  observa- 
tiou  it  was  run  ou{  of  the  east  door  of  the  shed  on  the  portable  track 
*^cl  left  under  an  awning  alongside  the  supply  of  ice  and  the  ice- 
^^Cisher. 

The  platforms  on  which  the  observers  stood  were  isolated  from  the 
^i^rs  and  from  the  track  supports,  so  that  the  movements  of  the  observ- 
«  produced  no  disturbance  of  the  piers  or  of  the  bars.    The  piers  were 
ut  25™  from  the  nearest  street.    Only  heavily  loaded  vehicles,  which 
"^sed  quite  infrequently  on  this  street,  produced  any  perceptible 
l)ration  iu  the  piers.    On  no  occasion  was  it  considered  essential  to 
p  observing  on  account  of  such  minute  vibrations. 
The  piers  and  the  adjacent  parts  of  the  shed  on  the  north  side  were 
hitewashed,  and  this  aided  in  producing  an  abundance  of  white  light 
illuminating  the  microscopes.    In  this  regard  the  conditions  for 
^we  and  comfort  in  observing  were  much  superior  to  those  afforded  by 
e  electric  lights  of  the  office  comparing  room. 

(14)  Methods  of  observation. — The  study  of  the  earlier  dii'ect  determi- 
ations  of  July,  1891,  and  February  and  March,  1892,  indicated  the 
^desirability  of  increasing  the  number  of  measures  with  the  prototype 
^^nietre  relatively  to  those  with  Bn  in  any  set  of  observations.    Accord- 
ingly the  following  programme  was  adopted  and  adhered  to  throughout 
l;he  determinations  on  the  new  comparator,  the  symbol  D  representing 
as  hitherto  the  distance  between  the  zeros  of  the  terminal  microscopes 

5  and  6 : 

(1)  A  measure  of  D  with  the  prototype  M21. 

(2)  A  measure  of  D  with  Bi-,. 

(3)  A  measure  of  JD  with  ir2i. 

(4)  A  measure  of  J)  with  Bn, 
(6)  A  measure  of  D  with  jV^i. 
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The  measures  with  the  metre  started  alternately  from  the  west  and 
east  ends  of  the  comparator.  The  micrometric  readings  on  either  bai 
were  made  simultaneously  by  the  two*  observers,  who  exchanged  posi- 
tions in  every  case  to  eliminate  personal  equation.  SmaU  distances, 
amounting  to  a  few  microns  only,  were  measured  with  the  intermediate 
Bepsold  microscopes,  whose  magnifying  powers  are  but  twenty-sevei 
diameters,  while'  the  terminal  microscopes  5  and  6  have  a  power  o 
fifty  diameters. 

The  measures  with  B^  were  made  iu  the  manner  described  at  leBgt 
in  section  10  of  Chapter  I.  That  is,  the  rear  (west)  end  of  the  b^ 
was  first  brought  to  bisection  by  means  of  the  car  lever,  while  tl 
bisection  at  the  front  end  was  made  by  turning  the  micrometer  screi 
at  that  (east)  end.  The  observers  then  exchanged  positions,  and  tt 
same  operation  was  repeated  in  the  reverse  order,  the  bar  bein 
brought  to  bisection  by  the  car  lever  at  the  east  end  and  the  microin* 
ter  threads  moved  to  bisection  at  the  west  end.  Two  sets  of  sac 
observations  were  generally  made. 

Both  bars  were  Mly  iced  from  half  an  hour  to  an  hour  before  obsen 
ing  on  them.  A  slightly  greater  quantity  of  ice  was  used  on  both  bai 
than  in  the  previous  determinations  made  during,  the  winter  in  tb 
comparing  room,  where  the  air  temperature  averaged  about  6^  C.  Th 
average  air  temperature  during  July  and  August,  1892,  when  the  pra 
ent  determinations  were  made,  was  about  35^  0.  However,  whe 
protected  by  the  felt  covers  of  the  metre  box  and  Y-trough,  the  ice  di 
not  appear  to  melt  much  faster  than  it  did  under  the  far  lower  wint( 
temperature.  Througliout  this  series  of  comparisons  the  ice' about  E 
was  shaken  up  and  replenished  just  before  bringing  it  under  the  micx< 
scopes  for  observations,  and  the  prototype  was  similarly  treated  i 
intervals  of  twenty  to  thirty  minutes.  From  very  careful  person 
attention  to  the  packing  of  these  bars,  I  am  confident  that  they  wei 
subject  to  no  sensible  variations  in  length  due  to  variations  in  ten 
perature. 

The  observations  were  made  by  Messrs.  John  S.  Siebert  and  R.  I 
Woodward,  and  the  record  was  kept  by  Mr.  Orville  G.  Brown.  Tl 
computations  were  made  and  checked  in  all  parts  by  the  same  parti< 
as  the  work  of  observation  progressed. 

(16)  Method  of  computation, — The  considerations  on  which  the  metho 
followed  in  deriving  the  length  of  Bn  depends  are  similar  to  those  » 
forth  in  section  3  above.  But  since  the  data  were  in  some  respec 
diflFerent,  it  seems  proper  to  state  the  present  ca«e  briefly  by  itself. 

If  the  positions  of  the  microscopes  of  the  comparator  remained  inv; 
riable,  or  if  the  measured  quantities  were  affected  by  errors  of  observj 
tion  only,  the  distance  D  between  the  zeros  of  the  terminal  microscop< 
w^ould  be  given  by  each  of  the  following  equations,  corresponding  \ 
the  several  measures  of  the  programme  in  section  14. 
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■  {1)  D:=5M2i  +  Qi  +  Vi. 

(2)  =  Bn  +  Q2+V2. 

(3)  =5Jf„+g3  +  t?3. 

(5)       =6if2,+  g5  +  i?5. 

In  these,  Qi  Q2 . . .  are  the  micrometric  quantities  resulting  from  the  sev- 
eral measures,  and  Vi  Vs . . .  are  the  corresponding  corrections.    But 
the  hypothesis  of  constancy  of  position  of  the  microscopes,  or  of  invari- 
ability of  D,  is  inadequate^    It  appears,  however,  from  the  observations, 
that  the  assumption  of  a  constant  rate  of  variation  of  D  is  quite  satis- 
factory, and  this  is  the  one  adopted. 

The  time  intervals  between  the  several  measures  (1)  (2) . . .  (6)  are 
dearly  equal,  being  about  7-5  minutes  each  on  the  average.  Hence,  if 
^^  call  z  the  rate  of  change  of  D  and  put  as  hitherto 

x=5Af2i —  Biij 

*^<i  take  the  time  of  the  measure  (3)  as  the  epoch  of  D,  the  following 
observation  equations  result: 

x  +  y—   z-Qi  —  Vij 

y  -Q3  =  t?3,  (1) 

^  r^e  assign  a  weight  unity  to  each  of  the  measures  with  5,7,  or  to  Qi 
§4,  and  a  wdght|>  to  each  of  the  measures  with  ilf2„  or  to  Qi,  ^^3, 
Qiy  the  normal  equations  are 

2x+(3p.»-2)y  =  i?((?i+(?3+ft)+%+y4, 

2+2  =  <?2+e?4,  (2) 

(82)  +  2)^  =  2p((?5-(?,)  +(?4-(?2. 

esegive 

X=  J  {Q2+Qi)  -  J(<?1+  <?3+  ft), 

y=  4(ft  +  ft+ft), 

.-.2p(ft~<?i)  +  (?4+ft 
8jp  +  2 

Since  the  quantities  §1,  ft,  ft  depend  on  the  half  algebraic  sum  of 
twenty  independent  microscope  readings,  while  ft  and  ft  depend  on 
the  half  sum  of  four  to  eight  such  readings,  the  probable  errors  of  the 
former  would  stand  to  those  of  the  latter  as  -v/S  to  1,  or  as  \/5  to  1/2, 
as  the  case  may  be,  provided  the  errors  involved  are  of  the  accidental 
sort.  If  the  errors  are  those  of  observation  only,  the  ratios  just  given 
are  the  proper  ones  for  determining  the  relative  weights.  But  it  is 
certain  that  the  most  formidable  errors  are  not  due  to  defects  of 
observation,  and  hence  some  doubt  may  be  entertained  as  to  the  best 
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value  of  the  weight  p.  In  order  to  test  the  matter  with  the  actual 
data,  half  of  the  observations  were  treated  on  the  supposition  that 
jp  =  1  and  half  on  the  supposition  that  p  =  1/5.  The  result*  indicated 
that  the  latter  supposition  is  the  more  appropriate  one,  and  it  was 
therefore  adopted  for  all  the  work.  A  mere  inspection  of  the  data,  in 
fact,  shows  that  the  weights  of  Qi,  Qs,  Q^y  should  be  much  less  than  the 
weights  of  Q2  and  Q4. 

(16)  Data  and  results. — ^Table  VI  following  gives  the  principal  data 
of  the  series  of  determinations  of  Bn  on  the  new  comparator.    The 
observations  extended  from  Jaly  18  to  August  10, 1892,  and  the  table 
embraces  every  determination  made.    The  first  column  gives  the  date; 
the  second  gives  the  times  of  beginning  and  ending  of  a  set  of  obser- 
vations; the  third  designates  the  orientation  of  the  prototype  metre 
M21.    The  next  three  columns  give  the  quantities  Qi,  Q^,  ft,  which 
are  the  observed  excesses  of  the  distance  J)  between  the  zeros  of  the 
terminal  microscopes  over  oilfji,  while  the  last  two  columns  give  the 
quantities  ft,  ft,  which  are  the  excesses  of  2>  over  B^.    It  is  to  be 
remarked  that  these  ^s  change  from  time  to  time  by  reason  of  changes 
in  the  adopted  zeros  of  the  microscopes,  as  well  as  by  reason  of  change 
in  the  relative  positions  ot  the  microscopes  themselves.    Those  zer^* 
which  were  most  convenient  in  computing  the  ^s  were,  in  geuer^^ 
adopted,  but  the  same  zeros  were  retained  throughout  any  day's  woX^^' 
BO  that  the  stability  of  the  terminal  microscopes  is  well  shown  by    •** 
and  ft  especially  for  any  date.    For  greater  clearness  of  perception  t^ 
sets  of  observations  are  spaced  off  with  extra  leads  in  groups  by  dat^^^* 

Table  VL — Data  for  length  of  Bn  in  ice. 


.e 


Bate. 

Time  of  day. 

End  of 
metre 
west. 

Qi 

Q. 

Qs 

U« 

Q« 

1892. 
July    18 

1:15  to 
2:14 

1    1:56  p.  m, 
3:02 

A 

+  6-4 
+  6-4 

+  0-8 
+  11-8 

+  3-8 

+  I2-I 

+19-0 
-f3»'9 

+19-0 
+349 

20 

10:51 
1:08 

»:S4 

11:29  ^'  ™- 
1:41  p.  m. 
2:31 

B 

— 309 
—17-4 

—  9*4 

— 26-9 

--21-5 

-  7-5 

— 240 
—  12*5 

-8-4 

+  31 

+  IO-I 

+  10 
+  8-9 

+  I2-I 

21 

10:52 

11:40 

I:l6 

1:58 

11:27  a.  m. 
12:13  p.  m. 

1:46 

2:26 

A 

+  9-8 
+  0-5 

+   0"2 

+  6-6 

—  02 
+  1-8 

—  1-3 

—  30 

+  09 

+  61 
-4-6 

+288 
+268 
+256 

+277 

+327 

+27-3 
+  299 

+27-0 

22 

10:37 

11:21 

I:l8 

11:09  a.  m. 

11:51 
2:00  p.  m. 

B 

+14*3 
+  138 
+25-5 

4-14-2" 
+196 

+-26-2 

+  12-8 

+  17-5 
+26-8 

+420 
+396 
+52-0 

+42-2 
+404 

4-517 

26 

1:52 
2:30 

2:26  p.  m. 
2:59 

A 

—  4*4 
-6-4 

—10-6 
—  7-2 

-6-4 
—  4*4 

+  12-6 

+  09 

4-17*0 

+11-4 

27 

10:45 
1 1:20 

I2:CX3 

l:iS 

11:13  &•  ^• 
11:48 

12:26  p.  m. 
1:51 

B 

+19-5 
+  18-2 

+  22-1 
+25-9 

+  I8-2 

+19-0 
+203 
+26-4 

+  173 
+187 

+  19-4 
+23-8 

+463 
+38-5 

-f46-5 
+52-9 

+41 '9 

4-45-8 
+462 

4-54-9 

\ 
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375 


Jt. 

• 

Time  of  day. 

End  of 

metre 

west. 

A 

— »         — 
Q) 

Qi 

Qb 

Qs 

Q« 

12. 
28 

xi:oo  to  11:32  a.  ro. 
11:38       l2:iop.  m. 
1:07         1:36 

-fl2I 

-fi6-3 
.+I8-5 

-{-2I-8 

4-21-5 
4-25-8 

4-17-1 

+  19-3 
4-21-4 

-f40-9 
4-41-8 
-f48-3 

4-43-8 
-f4i-9 
4-45-4 

4 

11:54 
12:36 

12:33  p.m. 
1:13 

A 

-f-i3"2 

4-12-2 

-i-i6-8 
4-200 

+177 

4-21-9 

-1-42-9 
4-49-2 

4-45-8 
4-46-4 

5 

10:25 
ll:ll 

"^53 
i:!8 

10:58  a.  m. 

":43 
12:23  p.  m. 

1:48 

B 

-fiS-6 

+  168 

4-15-0 

4-II-2 

4-15-6 

-fl4-2 
4-15-6 

-f  II-8 

+  17-4 
4-II-6 

4-17-8 

+41-5 
4-46-1 

-f44'3 
4-48-2 

-f4i-4 

+43-3 
4-47-6 

+487 

6 

10:28 

11:22 

12:10 

1:32 

Ii:i2  a.m. 

"=59 
12:37  p.m. 

1:58 

A    , 

— 16'5 
—13-6 

-157 
—17-6 

18-8 

— 12-2 

—  14-8 

—  12-6 

—15*6 
—14-7 
— IO-6 
—  72 

4-16-6 

+  158 
4-170 

4-229 

4-16-6 

4-15-9 
-f2o-8 

4-23-4 

8 

10:40 
Il:ll 

"=59 

1:14 

ii:o6  a.m. 

11:38 
12:26  p.m. 

1:41 

A 

—  7-3 

—  21 

—  31 

+  5-2 

-8-3 
—  4-0 

00 

-f  06 

— 10-9 

—   2*9 

4-  10 

4-    2*2 

+21-3 
+24-3 

+25-7 
+32- « 

4-22*7 

4-24-0 
4-31-2 

4-33-7 

9 

10:27 
11:05 

11:45 
1:07 

1:41 

2:08 

11:00  a.  m. 

":35 
12:17 

1:36  p.  m. 

2:04 

2:31 

B 

• 

+427 
4-46-9 

+47-8 

+52^3 
-I-60-I 

+587 

4-44-6 

-f467 
4-501 

+S07 

+53-0 

-f58-3 

+463 

+484 

4-49-9 
4-52-8 

+59-6 
4.59-2 

+73-5 
4-76-0 

+79-5 
4-851 

4-920 

4-95-3 

4-73-5 
4-80-5 
4-804 

4-89-0 
4.91-6 
4-927 

lO 

10:41 
II:I2 

11:43 

1 1:06  a.  m. 

":37 

1 2:07  p.  m. 

A 

-f  8*0 

+  30 
+  7*5 

+  30 
+  77 
-f  47 

4-' 5-6 

+  5-1 
+  99 

+31-0 
4-3II 

4-33-4 

4-35-1 
4-33-7 
+33-2 

t)le  VII  following  gives  the  results  of  tlie  computation,  according 
nations  (1)  and  (3)  of  section  15,  based  on  the  data  of  Table  VI. 
5rst  column  gives  the  date  of  observation.  The  second  column 
the  quantity  x  =  5if2i  ^  Bn,  resulting  from  a  set  of  observations; 
lird  gives  y  =  J>—.6ilf2,,  the  D  here  being  the  most  probable  value 
e  interval  between  the  terminal  microscopes  at  the  middle  time  of 
bservations  in  any  set ;  the  fourth  gives  z,  the  rate  of  change  of  J>, 
3  most  probable  change  in  J>  in  7*6  minutes,  about.  The  next  three 
ins  give  the  residuals  t?i,  t?3,  t>5,  or  most  probable  corrections  fo 
3,  Qsj  respectively;  while  the  two  following  columns  give  the  resi- 
•  i?2>  ^47  for  Qij  §4,  respectively.  The  last  column  gives  the  sum  of 
weighted  squares  of  the  residuals,  this  sum  being  designated  by 
.  The  value  adopted  for  p  is  1/5.  It  may  be  remarked  that  the 
^a  4- 1?3  +  ^6,  and  V2  +  v^  should  each  be  equal  to  zero  within  a 
of  a  unit.  The  groups  of  values  for  the  several  dates  are  spaced 
--  extra  leads  as  in  Table  VI.  The  times  of  day  when  the  several 
>f  observations  were  made  are  given  in  Table  VI. 
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Table  VII. — Results  of  computation. 


Date. 

X 

y 

M 

Vl 

vt 

Pi 

«* 

«'4 

W 

2-S4 
o-S; 

1892. 
July      18 

M  ^ 
+[15-3 
L23-3. 

M 

+  37.. 
4-IO-I 

M 
— 0-29 

—  1-47 

M 
— 21 

4-0-8 

M 

4-2-9 

—17 

r-0-7 
4-0-9 

M 

—0-3 
o-o 

4-0-3 
0-0 

20 

+  293 
26-6 

170 

-27-3 
-  8-4 

4-0-18 

4-0-2I 

4-2-17 

+3*2 
— o-i 

-3*3 

— 04 

-f4-4 
—0-9 

4-2-9 
—4-2 

+4-3 

-1*3 
—0-8 

4-1-3 

4-1-2 

4-0-8 

-1.3 

6-89 
8-68 
9-42 

21 

4-  28-6 

259 
26-1 

262 

+    2-2 

+  11 

+  »7 

-|-    1-2 

— 0-34 
4-018 

4-185 

1-44 

—6-9 

-fO-2 
— 2'2 

-2-5 

4-2-4 
-0-7 

+3-0 
-0-5. 

4-4-5 
4-0-6 

~o-7 

4-2-9 

4-2-3 
0-0 

4-0-4 

4-1-1 

—2-2 

—O-I 

-03 

— i-o 

24-88 
0-19 
311 
5'39 

22 

-f  283 
230 

25-6 

+  13-8 
4-17-0 

-I-26-2 

— o-ii 
4-0-63 
4-o*o6 

-03 
4-1-9 

4-0-6 

—0-4 

— 2-6 

00 

4-0-8 
-j-o-8 
—0-5 

4-0-2 
— 0-2 

—0-3 

— 0*2 
-fO-2 

4-0-2 

0-26 
2-28 
a26 

26 

4r2r9" 

|_I2-2_ 

—   71 

—  6*o 

-f  I'OO 

—47 
—5-9 

+3-5 
4-1-2 

+1-3 
+47 

4-1-2 
4-2-2 

—  1-2 
—2-1 

10-09 
20-92 

27 

+  25-8 
236 
258 
28-5 

+  18-3 
-fi8-6 
4-20-6 

+25-4 

—1-47 
4-208 
-0-38 
4-0-32 

4-17 

-3-8 
—0-7 
— i-i 

-fo-i 
— 04 
-^03 
— 10 

—1-9 

4-4-1 

-fo-4 

-|-2-2 

— 0*7 

-fl-6 

4-0-3 

-fo-7 

4-0-7 

-1-5 
— 0-2 

—0-7 

2-28 

1109 
0-28 
2-39 

28 

-f    22-8 
25-4 
24-9 

+190 

-fi7-o 
+219 

4-0-36 

+1-36 
—0-48 

'  -f  2-0 
4-2-2 

4-4-4 

—2-5 

-4-8 

3*9 

4-0-4 

4-2-6 
-0-5 

—0-4 
4-01 

— 1-0 

+0-3 

0*0 

4-0-9 

2-33 
6'94 

8-7^ 

Aug.      4 

-f    285 
298 

+15-9 
-fi8o 

+  1-31 
4-030 

-|-0-2 

4-5-2 

— 0-9 

^-2-0 

4- 08 
—3-3 

4-0-2 
—1-7 

—01 
4-17 

0-3 
I4'« 

5 

+  28-5 
293 
31-8 
323 

+  I2-9 

-f-15'4 
4-14-2 

4-I6-I 

— 0-45 
—0-31 

4-036 
+0-3S 

-1-8 

4-2-8 

3'3 
-fo-4 

4-17 

— 0-2 

00 

4-0-5 

-{-0-2 
2-6 

+3'3 
— i*o 

4-0-3 
—II 

4-1-3 

— 0-2 

-0-4 

4-I-I 
—1-2 
4-0-1 

S' 

r 

or 

6 

+  33*6 

293 
326 

357 

— 17-0 

—13-5 

-137 

—125 

-foio 
— 009 

4-1-62 

4-1-29 

— 0-7 
-fo-3 

— 1-2 

4-2-5 

4-1-8 

-1-3 

4-1-1 

4-0-I 

—  1-2 

-j-i-o 

4-0-I 

4-27 

—O-I 
4-01 
4-0-3 

— i-o 

-fo-i 

— 0-2 

-0-3 

4-1-1 

V 
or 
O" 
4- 

8 

f  308 
272 
291 
302 

8-8 

30 
—  0-7 

4-  2-7 

— 001 

--01 7 
4-1-98 
4-0-08 

—1-5 
06 

1-6 

— 2*7 

-o'S 
4-ro 

— 0-7 

-f2-I 

4-2-1 

_o-4 

4-2-3 

4-07 

-fO-7 

4-0-I 
4-07 

4-07 

-0-7 
00 

— 0-8 

—0-7 

r 
a 
2 

3 

9 

-f  29-0 
309 
307 

351 
34-2 

35*3 

+44*5 
+47-3 
4-49'3 
+51-9 
+57-6 

+587 

4-040 
4-1-42 

4-0-48 

4-114 

—0-17 
— 0-67 

4-1-0 
—2-4 
4-0-5 
—27 
— 2-2 

4-1-3 

— O-I 

-f-o-6 
— 0-8 

■4-1-2, 

4-4-4' 
-fo-5 

— 10 

4-17 

4-04 

4-1-4 

—2-3 
—1-8 

— 0-4 

4-0-8 

00 

4-0-8 

O'O 

— 0-6 

4-04 
— 0-9 
-fo-i 
— 0-9 
o-o 
4-0-6 

0 

3 
0 

3 

5 

I 

xo 

+  27-5 
271 
259 

-H  5-5 
-f-  5-3 
+  7-4 

4-0-87 
4-0-96 

-I-0-2I 

—4-1 
4-04 

— 0-5 

4-2-5 
-2-4 

4-27 

-fi-6 
4-2-1 
—2-1 

4-I-I 

4-0-3 
— 0-3 

—1-2 
— 03 

-fo-3 

7 

2 

2 

(17)  Corrections  to  the  computed  values  of  ir.— The  computed  va] 
of  X  in  Table  VII  are  subject  to  two  small  corrections.    The  firs 
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^nds  on  the  inequalities  in  heights  of  the  focal  planes  of  the 
3es.  The  microscopes  were  adjusted  to  near  equality  in 
f  their  focal  planes  by  the  method  explained  in  section  13,  but 
some  unexplained  cause,  microscope  6,  which  was  attached  to 
pier  of  the  comparator,  was  given  a  position  about  2*°™  too 
his  maladjustment  was  discovered  on  July  19,  but  since  it 

measured  accurately  it  was  not  corrected  until  August  3. 
aents  of  the  inequalities  in  heights  of  the  focal  planes  were 
July  19,  20,  26^  and  August  3,  by  means  of  a  level  attached 
prototype  metre,  as  already  explained.  The  microscopes 
kuged  in  the  order  5,  1,  2,  3,  4,  6;  5  being  on  the  west  pier,  6 
st  pier,  and  the  others  on  the  intermediate  piers.  The  follow- 
le  mean  values  of  the  differences  in  height  of  the  focal  planes 

from  the  measures,  seven  in  all,  for  the  determinatious 
y  from  July  18  to  July  28.  The  plus  sign  preceding  a  result 
at  the  focal  plane  of  the  east  microscope  of  any  pair  is  the 

mm. 

DiflFerence  for  5  and  1  —0*34, 

1  and  2  +0-52, 

2  and  3  -0-30, 
3^  and  4  -f  0-32, 
4  and  6  +1-85, 

Sum  +2-05. 

results  show  that  the  sum  of  the  projections  of  the  metric 
I  the  horizontal  focal  plane  of  microscope  5  is  2*0'*  less  than 
>f  those  spaces.  Likewise,  since  the  plane  of  microscope  6  is 
gher  than  the  plane  of  5,  the  line  joining  the  foci  of  5  and  6  is 
er  than  the  projection  of  this  line  on  those  planes.  Hence  the 
correction  to  the  quantities  Qi,  Q3,  §5  is  —  2-0^  +  0.4'*  =  — 1-6^  t 
erection  to  ar  is  +  l-G** .  This  is  to  be  applied  to  every  value 
)  July  28,  inclusive. 

Lgust  3,  microscope  6  was  re-adjusted,  and  it  and  the  others 
1  left  undisturbed  throughout  the  remainder  of  the  compari- 
easures  of  the  relative  heights  of  the  focal  planes  were  made 
st  5  and  10.  The  resulting  mean  values  from  the  three  meas- 
as  follows: 

mm. 

Difference  tor  5  and  1  -0-26, 

1  and  2  +0-48, 

2  and  3  —0-31, 

3  and  4  +0*40, 

4  and  6  -0-12, 
Sum  4-0*19. 

rre8fK)nding  correction  to  a?  is  +0*3'* ,  and  this  is  to  be  applied 
lues  of  X  from  August  4  to  10,  both  inclusive. 
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The  second  correctiou  depends  on  the  cui^vature  of  B^,  in  a  Tertical 
plane.  This  curvature  is  measured  by  means  of  the  lon^  stridmg  levd 
as  explained  in  Chapter  I,  section  9.  The  correction  is  so  small  that 
it  has  been  neglected  in  all  previous  work,  though  its  amount  was  less 
in  that  work  than  in  the  work  now  considered.  The  theory  of  the 
computation  of  this  correction  from  the  level  readings  is  given  in 
Supplement  A.  It  may  suffice  here  to  give  the  values  of  the  computed 
corrections.    They  are  a«  follows : 

July  18,  1892,  0-01, 


21, 

■09 

27, 

•36, 

•t' 

•05, 

6, 

•07, 

8, 

•09, 

9, 

•31, 

lo! 

•13. 

These  are  so  small  that  they  might  be  ignored  without  material 
error,  but  since  it  is  believed  that  they  represent  determinable  quan- 
tities, we  shall  here  apply  them.    It  may  be  remarked  that  their  vari- 
ability is  undoubtedly  due  to  the  effect  of  the  external  air  temperature 
on  the  web  of  the  Y-trough  so  long  as  the  vertical  adjusting  screws 
under  the  bar  are  left  undisturbed.    The  observations  show,  in  feet, 
that  if  the  bar  is  made  straight  for  any  given  external  temperature,  it 
becomes  convex  upwards  for  an  increase  of  that  temperature.   The 
adjusting  screws  were  left  undisturbed  during  the  series  of  determina- 
tions extending  from  July  18  to  July  28,  and  it  will  be  se-en  by  reference 
to  Table  VIII  following  that  the  maximum  correction  of  July  27  cor- 
responds to  the  maximum   air  temperature  of  the  series.    A  li^^ 
remark  applies  to  the  series  extending  from  August  4  to  9,  the  ma^' 
mum  correction  corresponding  to  the  maximum  air  temperature   ^^ 
August  9.    (See  Table  IX). 

Considering  the  small  number  of  determinations  of  corrections  in  tP^ 
series  of  July,  we  may  adopt  a  single  mean  value  for  application  tcr 
viz,  0-2'* .    For  the  series  extending  from  Augitst  4  to  9  we  shall  adc^ 
O'l**  for  all  dates  except  August  9,  and  the  observed  value  O-S"  for  t 
latter  date.    The  value  adopted  for  August  10  is  also  the  observ^ 
value,  the  bar  having  been  turned  end  for  end  and  re-adjusted  on  th^ 
day. 

Since  the  curvature  of  B^  diminishes  the  interval  between  its  term^ 
nal  lines,  these  corrections  must  be  applied  to  the  quantities  x  witi^ 
the  negative  sign. 

(18)  Adopted  individual  and  mean  values  of  x. — Tables  VIII  and  I^ 
following  show  the  adopted  values  of  x  and  various  data  pertainin, 
thereto  for  the  two  orientations  of  ^n  in  the  Y-trough. 

In  making  up  these  tables  the  results  of  July  18  and  26  have  bee^ 
rejected  for  the  following  reasons:  On  these  dates  the  microscope 
were  taken  apart,  cleaned,  and  wrapped  with  cotton  batting  jus^ 
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>re  observing  with  them.  In  addition,  the  leveling  and  clamp 
W8  of  the  intermediate  microscopes  1, 2,  3,  4  were  tightened.  It  is 
ight  that  the  anomalous  results  of  these  two  days  are  due  to  move- 
itsof  the  microscopes  before  reaching  their  most  stable  positions  after 
lacing  their  objectives  and  rewrapping  them  in  cotton.  Subse- 
ntly,  when  any  such  adjustment  was  made,  the  apparatus  was 
wed  to  stand  at  least  olie  day  before  using  it.  Similarity  of  con- 
ons,  then,  if  there  were  no  other  reason,  would  seem  to  require  that 
sere^sults  be  omitted. 

'able  Vin  gives  the  results  obtained  with  the  A-end  of  JBn  west,  and 
)le  IX  those  obtained  with  the  A-end  of  Bn  east,  fhe  first  column 
tither  table  gives  the  date;  the  second  the  maximum  air  teoipera- 
e  of  the  day  as  observed  under  the  comparator  shed;  the  third 
cifies  the  orientation  of  the  metre;  the  fourth  gives  the  computed 
ue  of  X  from  Table  VII ;  the  fifth  the  correction  for  inequality  in 
^hts  of  fofcal  planes  of  the  microscopes,  or  slopes  of  metre;  the  sixth 
correction  for  curvature  of  Bn^  the  seventh  the  adopted  value  of  a, 
the  eighth  the  residual,  found  by  subtracting  any  observed  x  from 
mean  value. 
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Mean  value  of  x,  26*91^  io*4''  • 
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Table  IX. — Adopted  values  of  x  =  5Mti^Bn  {A-end  ofBn e(ut). 
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-^9 

37*5 

B 

35*3 

•3 

•3 
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-^•o 

Mean  value  of  x,  31*34^  :^  0*4^  . 

The  individual  values  of  a?  in  Table  VIII  or  IX  are,  so  far  as  kBOwn, 
of  equal  weight.  The  values  of  a?  in  the  two  tables  differ  systematictflyt 
however,  for  reasons  given  at  length  in  section  20  belqw.  Hence  w« 
shall,  for  the  sake  of  distinction,  call  the  mean  of  the  adopted  valaesof 
X  in  Table  VIII,  j?^,  and  the  mean  of  those  in  Table  IX,  x^j  the  suffi^^  ^ 
defining  the  orientation  of  Bn.    These  means  «re 

a?w  =  +  26-9**  =fc  0-4'^  for  Aend  of  B„  west, 
«e  =  +  31-3    i  0-4  for  A-end  of  Bn  east 

Since  x  =  SJtfii  —  B^ 

and  5M21  =  5°^     + 12-5^, 

these  equations  give 

Bn  =  5"  -  14-4'"  ±  0-4''  for  A-end  west, 
jBn  =  6   -.18-8   ±0-4   for  A-end  east 

The  probable  errors  assigned  to  these  mean  values  are  derived  fr^' 
the  residuals  in  the  last  columns  of  the  tables.  'Thus,  the  sum  of  t>^ 
squares  of  the  residuals  in  Table  VIIIJs  135'6,  and  the  correspondi^^ 
sum  from  Table  IX  is  118'1.  The  number  of  residuals  is  forty  and  i^^ 
number  of  unknowns  two.  Hence  the  probable  error  of  an  individii^ 
value  of  a?  in  either  table  is  ±  l'?*";  and  since  the  weights  of  x^  and  ^» 
are  each  20,  their  probable  errors  are  each  equal  to  =L  0*4'*. 
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Sources  of  accidental  error. — ^The  principal  accidental  errors 
ng  Hie  qaantities  or,  y,  z  of  Table  YII,  and  likewise  the  adopted 
1  of  a?  in  Tables  VIII  and  IX,  are,  it  is  believed,  errors  of  obser- 

and  errors  arising  from  irregular  movements  of  the  six  micro- 
i  of  the  comparator.  An  idea  of  the  relative  magnitudes  of  these 
>ecies  of  error  can  be  derived  in  the  following  manner:  Eeferring 
ations  (1),  (2),  and  (3)  of  section  15,  it  is  seen  that  the  resultant 
errors  involved  in  the  quantities  Q,  on  which  the  values  in  Table 
Bpend,  appears  in  the  sums  of  the  weighted  squares  of  the  resid- 
iven  in  the  last  column  of  that  table.  These  sums  vary  very 
Y  for  different  sets  of  observations,  but  a  trustworthy  value  for 
snltant  error  may  be  derived  from  the  aggregate  of  the  sums 
in  the  last  column  of  the  table.  Omitting  the  values  of  July  18  and 
the  reasons  assigned  in  section  18,  the  aggregate  of  the  sums  is 

[pvv]  =  168-8. 

»tal  number  of  residuals  in  the  40  sets  of  determinations  is  200, 
be  total  number  of  derived  values  of  a?,  y,  z  is  120.  Thus  the 
We  error  of  an  observed  Q  of  weight  unity  (or  of  any  Qi  or  Q4)  is 


o^Hm^y- 


±1-0^. 


pplies  to  a  single  measure  of  the  distance  between  the  terminal 

icopes  with  the  6"  bar  Bn,    Since  the  weight  of  any  Q^  Q3,  Q5, 

r  single  measure  of  that  same  distance  with  the  metre  M^  is  1/5, 

obable  error  of  one  such  measure  is  ±  2-2'* . 

\e  the  Q's  which  enter  the  formulas  of  section  15  are  independent, 

»ws  that  the  probable  error  of  a  single  value  of  x  derived  by  this 

sis 

±1-0-^^=  ±1-5''. 

\  value  is  only  0»2'*  less  than  the  valuederived  by  a  different"  proc- 
the  preoeding  section.  The  latter  process,  it  will  be  observed, 
Eiccount  of  any  changes  in  the  quantities  x  which  may  occur  from 
set  of  observations  or  from  day  to  day.  The  close  agreement  of 
o  probable  errors  is,  therefore,  an  indication  that  such  changes 
mall,  and  also  that  the  assumption  on  which  the  method  of  com- 
on  depends  is  essentially  correct. 

3xamination  of  the  residuals  in  Table  VII  shows  a  satisfactory 
nation.  Thus,  of  the  whole  number  of  residuals  used,  namely, 
^  are  plus,  93  are  minus,  and  8  are  zero  each.  .  The  maximum 
al  in  the  class  whose  weight  is  unity  is  2*3^ .  The  maximum 
al  in  the  class  whose  weight  is  1/5  is  6*9^ ,  which  is  about  three 

Uie  corresponding  probable  error,  or  ±  2*2'* ,  as  given  above, 
ill  be  noticed  that  the  [pvv]  for  the  earlier  sets  of  determinations 
Y  are  considerably  larger  on  the  average  than  for  the  later  sets 
gasL    The  only  reasons  I  can  assign  fox  tM^  diX^^  &c%\)^>(XvdK.\>c\si 
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piers,  which  were  completed  only  a  short  time  before  beginning  to  use 
them  in  Joly,  grew  more  and  more  stable  with  the  drying  and  harden- 
ing of  the  cement;  and,  second,  that  the  smaller  time  interval  required 
to  make  a  set  of  observations  after  the  observers  had  become  well 
accustomed  to  the  work  diminished  the  chance  of  error  from  move- 
ments of  the  microscopes.  It  does  not  appear,  however,  as  shown  in 
the  preceding  section,  that  the  resulting  values  of  x  were  appreciably 
less  precise  in  the  earlier  than  in  the  later  comparisons. 

Now,  as  to  the  relation  of  the  errors  of  observation  to  the  aggregate 
errors,  we  may  assume  as  hitherto  that  the  probable  error  of  a  single 
microscope  reading  does  not  exceed  0*5'*.  The  prpbable  error  from  tbis 
source,  then,  in  an  observed  Qi  or  Q4  is  ±  O'S*^,  if  we  suppose  but  four 
readings  to  be  made  on  ^17,    The  corresponding  value  for  an  obsened 

Qij  ^3,  or  Q5  is  ±  0.0 **  V5  =  it  l-l** .  These  are  exactly  half  as  great 
as  the  values  derived  from  the  resultant  errors.  Hence  we  conclude 
that  the  probable  error  in  a  single  determination  of  x,  due  to  instability 
of  microscopes,  etc.,  or  to  all  extra-observational  sources,  is 


7-1= 


il•5'^^l-^=±l•3^ 

This  shows  a  very  satisfactory  degree  of  stability  of  the  microscopes, 
smce  it  is  but  little  more  than  1/4  000  000th  part  of  the  length  of  ^nor 
of  the  distance  between  the  terminal  microscopes. 

Finally,  from  whatever  point  of  view  we  regard  the  adopted  values 
of  a?  in  Tables  VIII  and  IX,  their  accordance  leaves  little  to  be  desired. 
It  appears  plain  that  for  either  orientation  of  -817  the  same  quantity, 
essentially,  was  observed  on  every  date.    This  is  well  shown  by  ^ 
constancy  of  the  mean  values  of  x  for  the  several  dates.    In  TaW^ 
VIII  the  maximum  divergence  of  any  date  mean  from  the  adopt*^ 
mean  of  all  values  of  x  is  but  1-2'*,  and  the  corresponding  maxinx^^ 
divergence  in  Table  IX  is  but  V^,    The  average  of  these  is  no  gre^*^^ 
than  the  probable  error  of  a  single  value  of  a?  as  derived  in  this  ^^ 
tion,  namely,  ±  I'S**;  and  it  is  less  than  the  probable  error  of  a  sin  ^ 
value  of  X  derived  in  the  preceding  section,  namely,  ±  l-?**. 

Taking  this  last  probable  error  as  a  basis  it  appears  that  the  \ss»^ 
of  four  determinations  of  B^t  in  terras  of  ifji  on  the  new  comparat^^, 
would  have  a  probable  error  less  than  1"  or  less  than  1/5  000  OOO'^ 
of  Byi,  We  must  conclude,  therefore,  that  the  temperatures  of  Afti  ai^^ 
Byi  were  fixed  within  very  nari'ow  limits  by  the  melting  ice  with  whi<^  " 
they  were  surrounded. 

(20)  Systematic  error, — ^The  precision  of  the  results  attained  on  th^ 
new  comparator  brought  to  light  an  unexpected  source  of  systematic 
eri'or.     This  source  of  error  appears  to  be  due  to  the  fact  that  th^ 
transverse  graduation  marks  at  the  ends  ofB^,  differ  much  in  width,  and 
to  the  fiict  that  the  personal  equations  of  the  observers  differ  widely  in 
amount.    As  already  stated  the  width  of  the  graduation  mark  at  the 
A  end  of  B^  is  16-3'*,  while  the  width  of  the  mark  at  B  end  is  Se-S**.  It 
bad  been  known  from  t\i^  fex^m^u^^  o^  tfckft  observers,  Siebert  and 
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Toodward,  on  Holton  Base  that  their  personal  equations  differed;  but 
was  not  known  that  their  equations  varied  with  diflering  widths  of 
radnation  marks  and  micrometer  wire  intervals  until  the  fact  was 
Bveloped  in  the  course  of  the  determinations  detailed  above.  It  was 
len  easily  seen  by  direct  observation  that  such  difference  might  intro- 
ace  an  appreciable  constant  error. 

Fortunately  in  nearly  all  the  work  done  with  the  apparatus  the 
bservers  have  been  the  same,  namely,  Siebert  and  Woodward;  the 
nly  exception  being  the  few  determinations  of  length  of  Bit  made  by 
'ittmanh  and  Woodward  in  July,  1891. 

Before  proceeding  to  examine  this  question  minutely  it  may  be 
emarked  that  all  determinations  of  B^  indicate  a  systematic  difference 
1  its  length  depending  on  its  orientation  in  the  Y-trough.  To  show 
his  clearly  we  will  collect  the  results  given  in  the  preceding  sections, 
^or  this  purpose  it  is  desirable  to  introduce  a  more  general  designa- 
ion  for  the  orientation  of  Bn  than  that  used  hitherto.  We  shall  adopt 
he  convention  that  the  A  end  of  Bn  is  left  or  right  according  as  it  is 
0  the  left  or  right  of  the  observer  as  he  stands  alongside  of  the  bar 
'^hiJe  reading  a  microscope.  Thus  A  end  left  corresponds  to  A  end 
^68t  for  the  work  on  the  new  comparator  and  to  A  end  north  for  the 
'ork  on  the  office  comparator. 

Collecting  the  resets  of  the  direct  determinations  for  length  of  Bxi 
om  sections  4,  5,  and  18  we  have — 

July,  1891,  Byt  =  5°*  -  10-1'^  ±  2-(r  for  A  end  left, 

J?n.=  5    -11-9   ±2-0    for  A  end  right; 

Feb.-Mar.,  1892,  1?„  ==  5    - 14-6   ±  0-8    for  A  end  left, 

J?,7  =  5     -16  2    ±0-8    tor  A  end  right; 

Julv-Aug.,  1892,  B,7  =  5    -  14-4    ±  0-4   for  A  end  left, 

^,7  =  5    -18-8   ±0-4   for  A  end  right. 

I^he  differences  shown  here  are  all  of  the  same  sign.    Their  amounts 

th  their  probable  errors  are 

July,  1891, 1-8'*  ±2-8'*, 

Feb.-Mar.,  1892, 1-6   ±  1-1  , 

July-Aug.,  1892,  4-4    ±  0-6  . 
A  difference  with  the'same  sign  but  of  much  smaller  amount  is  shown 
the  comparisons  of  B^  and  jBis,  as  may  be  seen  by  reference  to  Table 
'',  section  9.    Its  amount  is  0*4'*  =t  1*3**. 

Although  these  quantities  differ  widely  amongst  themselves  their 
obable  errors  show  that  they  are  not  inconsistent  with  one  another, 
bOe  their  persistence  in  sign  renders  it  highly  probable  that  they  are 
le  to  a  common  cause. 

The  only  cause  which  appears  adequate  to  explain  this  discrepancy 
that  mentioned  at  the  beginning  of  this  section,  and  although  the 
idence  of  this  cause  is  not  conclusive  there  would  seem  to  be  little 
ubt  that  it  is  the  principal  cause.  We  proceed  to  examine  the  ques- 
►n  at  length  and  to  present  all  the  available  evidence. 
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It  is  essential  to  the  itiquiry,  in  the  first  place,  to  know  precisely  how 
personal  equation  or  error  may  affect  the  observed  data.  Since  nearly 
all  the  observations  were  made  by  Siebert  and  Woodward  it  will  be  con- 
venient to  use  a  notation  referring  especially  to  their  equations.   Let- 

8^y  /8b  =  the  corrections  to  the  microscope  readings  of  Siebert  on  the 

A  end  and  B  end  of  JBu,  resi>ectively, 
W.,  Wb  =  the  corresponding  correlations  to  the  readings  of  Woodward, 
J?i,  Lt  =  the  observed  readings  of  Siebert  on  the  right  and  left  hand 

ends  of  the  bar,  respectively, 
jBj,  Li  =  the  corresponding  readings  of  Woodward  j 

Then,  supposing  the  microscope  readings  to  increase  from  right  to 

left,*  we  have  for  the  distance  2>  between  the  zeros  of  the  terminal 

microscopes 

(A  end' of  ^,7  left.) 

=  ^17  +  Zjj  +  fif^  —  2^  —  Wb. 

The  sum  and  difference  of  these  give 

D=:B,,+  i{L^  +  L,)^i(R2  +  Rl)  +  i{8^+W^)-^i{8^,+  Wy,),      (1) 

(«a -«"•)+  (fi^b-  Wb)  =  -  (/.2-X,)  +  (i?^-iJ,).  (2) 

When  ^17  is  reversed  in  the  Y-trough  we  may  assume,  in  order  to  he 
entirely  general,  that  owing  to  change  in  the  aspects  of  the  marks  and 
to  the  difference  in  wire  intervals  of  the  two  microscopes  the  correc- 
tions 9a,  W^, . . .  change  in  value.  Designating  thenew  values  of  the  cor- 
rections and  of  the  new  readings  by  the  same  letters  with  an  accent, 

we  have — 

(A  end  of  B,7  right.) 

i>  =  At  +  J  (/A  +  X'.y -  J  {R'^  +  R\)  -  J(6\  +  W\)  +  i{8\  +  TFM,(3) 
{8\  -  W'a)  +  (S\  -  Tr'b)  =  -  (X',  -  i',)  +  (2?',  -  R\).      (4) 

For  brevity,  put 

t*    =  i  («a  +    TT.)  -  J  («b  +    Wb), 

tt'  =  i  («',  +  W\)  -  i  {8\  +  W'b),  ... 

V   =  (/S.  -  W,)  +  («b  -  TTb),  ^'^ 

v^  =  («',  -  W\)  +  {8\  -  W\). 

If  now  we  denote  the  mean  values  for  length  of  Bn  corresponding  to 

its  two  orientations  by  Vi  and  F2,  the  above  equations  (1)  and  (3)  show 

that 

£17  +  u  =z  Vi  for  A-end  of  Bn  left,  .gv 

Bn  -  w'  =  F2  for  A-end  of  Bn  right.  ^ 

If  the  personal  equations  remain  the  same  for  both  positions  of  the 

bar,  u  =  m',  and  the  half  sura  of  (6)  gives  Bn  free  from  this  source  of 

error.    On  the  other  hand,  if  those  equations  differ,  the  error  of  A? 

derived  from  the  mean  of  (0)  is 

i{u^u')^i  {8,  -  8^  +_^aj--_Tr.  -  ^b  +  S\  -  in  +  W\).  ^ 

*  The  microscopes  were  so  used  011  tlie  new  comparator  and  in  all  the  work  with 
the  iced  bar  on  Holton  Base.     The  increase  was  in  the  opposite  direction  with  the 
microscopes  as  mounted  on  the  office  comparator.     It  wiU  be  noticed  that  the  c<ff" 
TectiouB  S^f  jy\  change  aVgw  'w\t\v  a\\c\\  <i\i\iw%<b  «1  (SAt^ctvQu, 
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t  appears  from  the  equations  (1)  to  (4)  that  the  observations  ate 
ifficient  to  determine  the  corrections  S^^j  W»,  . . .  without  additional 
ktions  between  them.  It  is  clear,  however,  that  if  the  widths  and 
ects  of  the  graduations  were  the  same  at  both  ends  of  the  bar,  and 
lie  wire  intervals  of  the  micrometers  were  equal,  no  error  from  this 
rce  would  appear  in  the  resulting  lengths  of  the  bar,  and  it  is  a 
bter  of  regret  that  these  theoretical  considerations  were  not  duly 
^reciated  when  the  bar  was  constructed.  It  is  clear  also  that  tjie 
mtation  of  Bn  ought  to  have  been  changed  from  day  to  day,  for  the 
)rs  in  question  would  thus  have  been  more  certain  of  elimination  in 
^nal  mean. 

^e  may  nevertheless  gain  some  idea  of  the  magnitude  of  the  cor- 
tions  desired  from  equations  (2)  and  (4),  which  give  the  quantities 
id  v'  defined  by  the  last  two  of  (5).  Each  set  of  observations  on 
gives  a  value  for  v  or  i?',  as  the  case  may  be,  and  there  were  4  to  12 
h  sets  for  each  day's  work.  The  mean  values  of  the  resulting  v  and 
re  collected  in  Table  X  following,  which  is  arranged  in  two  parts 
responding  to  the  two  orientations  of  Bxi.  The  first  column  gives 
date,  the  second  the  number  of  individual  values  of  t?,  and  the 
•d  the  mean  value  of  v  for  the  date.  The  second  half  of  the  table 
Bs  the  corresponding  values  pertaining  to  v'. 

Table  X« — Observed  values  of  v  and  u',  July  and  August^  1892. 


A'-end  of  ^lylcft. 

A-end  of  B^^  right. 

Date. 

Number  of 
values 

Mean  value  | 

of  V. 

1 

! 

1 

j 

Date. 

Number  of 
values 

Mean  value 
of  v'. 

observed. 

1 

observed. 

1892. 

A* 

1892. 

^ 

July      20 

6 

-h5'9 

Aug.       4 

4 

— 0-9 

21 

8 

+4-8 

5 

8 

-foi 

22 

6 

+60 

6 

8 

-f-2-6 

27 

8 

+4-1 

8 

8 

4-i'o 

28 

6 

-f4'2 

9 

12 

-1-5 

Aug.     10 

6 

+4-2 

'  we  assign  to  the  several  mean  values  in  this  table  weights  pro- 
ional  to  the  numbers  of  observed  values  on  which  those  means 
3nd,  the  following  weighted  means  result : 


r  =  +  4-8*'  ±  0-2' 


V 


0-2'*  ±  0-6' 


thus  appears  that  the  quantities  v  and  v'  are  no  less  definite  than 
corresponding  values  for  length  of  Bn  already  derived.  But  the 
that  V  and  v'  diflfer  so  widely  makes  it  necessary  ta  suppose  that 
personal  equations  changed  with  the  change  in  aspect  of  the  bar. 
T  such  a  change  can  arise  I  am  unable  to  explain,  but  some  addi- 
al  observational  evidence  indicates  that  it  took  place.  This  evi- 
se  was  obtained  by  measuring  the  diflferences  (S^  —  Wt)^  (Si>  —  TFb), 

8.  Ex.  37—25 
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{8't,  —  W\)i  and  {8\  —  TT'b)  directly.  For  this  purpose  the  observers 
made  readings  alternately  at  either  end  of  the  bar  while  it  was  held 
still  in  its  Y-trough.  Several  such  series  of  readings  were  made  during 
August  30  and  31,  1892.  They  were  not  very  satisfactory  for  the 
reasons  that  the  bar  was  not  iced  and  that  it  could  not  be  kept  very 
stable.    The  following  mean  values  were  derived : 

^:--Tr:=+0.78    ;,A.endof^nleft, 

> ,  A-end  of  Bn  right. 

The  sums  of  these  pairs  of  values  give  in  accordance  with  the  last 
two  of  equations  (6) : 


fl".  ^W\=:  +  1-80 
8\  -  TT'b  =  -  1-09 


I?  =  +  1-6' 


1?'  =  +  0-7'* . 


These  values  are  much  less  definite  than  the  mean  values  given 
above  and  differ  widely  from  them,  but  the  discordance  is  so  much 
greater  than  can  be  attributed  to  other  sources  of  error,  that  it  seems 
essential  to  entertain,  the  hypotheses  first,  that  the  personal  equatioas 
of  the  observers  varied  from  time  to  time  5  or  second,  that  the  work  on 
the  new  comparator  was  subject  to  some  constant  error  which  changed 
sign  with  the  change  in  orientation  of  the  bar;  or  third,  that  both  these 
possible  causes  were  operative.  These  views  are,  in  fact,  suggested  by 
the  variations  of  the  values  of  r'  in  the  second  half  of  Table  X. 

It  becomes  desirable,  therefore,  to  glean  such  information  on  this 
point  as  Is  afforded  by  the  observations  on  Bn  during  February  to 
May,  1892,  on  the  offtce  comi)arator,  and  likewise  by  the  observations 
in  the  use  of  the  apparatus  on  Hoi  ton  Base  in  1891.  The  values  of  i? 
and  v'  resulting  from  the  direct  determinations  of  Bn  on  the  office  com- 
parator are  given  below  in  Table  XI,  which  is  arranged-  in  the  same 
manner  as  Table  X. 

Table  XI. — Observed  values  of  v  and  t?',  February  to  March,  1892* 


A-end  of  j^irleft. 

A-eod  of  Byy  rifirht. 

Date. 

Number  of 

values 
observed. 

Mean  value 
of  V. 

Date. 

Number  of 

values 
observed. 

Mean  value 
of  r*. 

1892. 
Feb.       4 

5 
6 

8 

10 

II 

^3 

15 
16 

17 

18 

3 
8 

4 
8 

8 

4 
8 

8 

12 

8 

8 

A* 
-fO-8 

2-8 

2-4 

4*4 
40 

10 

2-0 

34 
1-9 

30 
41 

1892. 
Feb.      19 
20 

23 
24 

25 

26 
27 

Mar.       7 
8 

9 
10 

II 

12 

4 

4 

4 

4 
8 

12 

8 
8 
8 

4 
4 
4 
4 

A* 
-f2-9 

2-8 

3-8 

51 

1-6 

1-9 

2*0 
1-2 
2'0 
2-0 

1-9 

2-0 

3-3 
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Giving  the  values  in  this  table  weights  proportional  to  the  number 
of  measures  for  each,  there  result  the  following  weighted  means: 
t?  =  +  2-9^  ±  0-2*' ,        I?'  =  +  2-3'*  ±0-2'* .     . 

These  values,  it  is  seen,  not  only  agree  well  with  each  other  but  are 

determined  with  a  precision  quite  equal  to  that  of  the  corresponding 

mean  values  from  Table  X.    It  may  be  remarked  that  the  precisions 

should  not  differ  much  in  the  two  cases  since  the  readings  from  which 

f  and  v'  are  obtained  are  made  in  less  than  one  minute,  and  hence 

stability  of  the  microscopes  is  depepded  on  for  this  short ,  period  only. 

There  are,  however,  nearly  twice  as  many  determinations  represented 

in  Table  XI  as  in  Table  X,  and  this  fact  accounts  mainly  for  the 

smaller  probable  errors  of  v  and  t?'  derived  from  Table  XI.    Hie  range 

ftmongst  the  daily  means  is  nearly  the  same  in  the  two  tables  and 

a^mounts  at  most  to  4'1'* . 

The  observations  on  B^  at  the  times  it  was  compared  with  J?ib  give 
tie  following  values : 

Apr.  29, 1892,    t?  =  +  2-8'*  (mean  of  10  measures,) 

30, 1892,    V  =  +  2-2    (mean  of  17  measures), 

May    5, 1892,    t?'  =  +  1'9    (mean  of  27  measures). 

These  values  are  likewise  fairly  accordant  with  each  other  and  with 
the  values  just  given  above. 

Finally,  the  values  oft?'*  derived  from  the  observations  on  the  100"> 
Comparator  of  Holton  Base  in  1891  are  (see  Chapter  III,  section  6) : 

Aug.    4  to  Aug.  7, 1891,        tj'  =  +3-8'*, 
Sept.  24  to  Aug.  6,  1891,        t?^  =  +  3-3: 

With  respect  to  the  latter  results,  it  is  to  be  remarked  that  they  were 
ohtained  with  the  lower  i)ower  (27  diameters)  Kepsold  microscopes,  and 
may  not  be  strictly  comparable  with  the  results  obtained  with  micro- 
scopes 5  and  6,  which  have  a  power  of  50  diameters.  They  do  not 
differ  materially,  however,  in  the  mean  from  the  average  values  of  v  or 
t>'  obtained  on  the  ofSce  comparator. 

GoUecting  all  these  ipean  values  for  v  and  v'  and  taking  their  half 
Bams  and  half  differences,  we  have  the  following  condensed  statement 
of  all  the  direct  information  bearing  on  the  constancy  of  the  personal 
€qaatioDS  of  the  observers: 


Date. 

*(t-|-t^). 

i(t^-f'). 

Feb.  to  Mar.,  1892 
Apr.  to  May,  1892 
July  to  Aug.,  1892 

4-2-6^ 

-I-2-2 
-f2-S 

-fO-2 

+2-3 

The  agreement  of  the  quantities  ^  {v  +  v')  in  this  statement  is  no  less 
remarkable  than  the  disagreement  of  the  last  of  the  quantities  i  (t?  —  v') 

from  the  other  two.    It  apx)ears  that  the  cause  of  the  divergence  of 

'«  .  . 

*  Bit  was  used  with  the  A-end  right  iu  aU  the  work  on  Holton  Base.    Hence  the 
quantity  v*  only  appears  in  this  work. 


388 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


i(v  -^  v')  in  July  and  August,  1892,  whatever  it  may  have  been,  was 
such  as  to  increase  v  and  decrease  v^  by  about  the  same  amount.  A 
change  of  this  kind  might  have  occurred  in  several  ways  through 
changes  in  the  eight  quantities  /S^,  W», ...  as  may  be  seen  by  refereuce 
to  the  last  two  of  equations  (5) ;  but  the  data  do  not  indicate  that  the 
change  is  more  likely  to  have  occurred  in  one  of  these  ways  rather  than 
in  another. 

In  view  of  all  the  evidence  presented  in  this  section,  it  apx>ear8  cer- 
tain that  the  observers  assigned  different  lengths  to  Bn,  depending  on 
its  orientation  in  the  Y-trough.  It  appears  equally  certain  that  this 
difference  is  due  to  personal  equation  of  the  observers  or  to  change  ia 
aspect  of  the  graduation  marks,  or  to  both  these  causes.  The  two 
causes  are  entangled  with  one  another  and  can  not  be  separated  with- 
out additional  data.  We  conchide,  however,  that  the  effects  arising 
from  these  causes  are  well  eliminated  in  the  mean  of  lengths  of  thehar 
in  its  two  orientations,  or  that  the  error  of  this  mean  length,  expressed 
by  equation  (7),  is  small. 

The  conclusion  just  stated  does  not  require  the  assumption  of  con- 
stancy and  equality  of  the  quantities  u  and  u'  of  equations  (5),  bot  i^ 
seems  best  to  adopt  this  assumption  in  deriving  the  final  lengths  ofBvi 
.  for  A-end  left  and  A-end  right.    The  justification  of  this  view  is  to  l^ 
found,  I  think,  in  an  examination  of  the  observed  values  of  J(«  +  P^\ 
J(i?  — !?')>  **^^^  w  +  w',  given  above.    Thus  the  first  of  these  qu^^ 
tities  varies  by  O'^**  only  for  three  different  sets  of  determinatio 
extending  over  half  a  year's  time,  the  second  varies  by  2*1'' ,  and 
third  by  4*0'* .    With  respect  to  this  last,  however,  or  to  the  qnanti 
u  +  1*',  we  must  remark  that  it  might  .be  expected  to  vary  in  observ^^ 
value  much  more  than  the  others,  since  it  comes  from  data  dependent  o^ 
the  stability  of  all  parts  of  the  apparatus,  while  the  other  two  depen  - 
only  on  the  stability  of  Bn  and  the  terminal  microscopes.    But  the  coiC 
stancy  of  w  +  w'  in  the  determinations  of  July  to  August,  1892,  render^ 
it  highly  probable  that  the  value  then  derived  is  a  real  quantity,  whic^ 
was  masked  by  errors  of  the  less  precise  determinations  on  the  office 
comparator.  « 

ADOPTED  LENGTHS  FOB  Bn. 

{J21)  Summary  of  results. — Collecting  the  results  for  length  of  Bi-^ 
*  given  in  sections  4,  5, 11,  and  18,  we  have  the  following  summary  in^ 
Table  XII : 

Table  XII. — Summary  of  results  for  length  ofBn. 


Date. 

B„ 

A-cnd  left. 

A-end  right. 

July,  1891 
JFeh.  to  Mar.,  1892 
Apr.  to  May,  1892 
July  to  Aug.,  1892 

5°'-iic/'±2.c/* 
5     —14-6  -to-8 

5    -11.5  ±1-8 
5    —  H-4  ±0'4 

5      —  l6-2      - 

5    —  II-9    z 
5     — 18.8     - 

:o-8 

1 1-8 
L:0-4 
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[>robable  errors  in  this  table  differ  widely,  but  so  far  as  is  known 
e  the  best  available  indexes  of  the  precision  of  the  several  results, 
scordance  with  the  conclusions  and  assumption  stated  in  the 
ing  section  we  shall  derive  three  values  for  length  of  Bn, 
:  First,  a  length  for  A-end  of -Bn  left;  second,  a  length  for  A-end 
ight;  and,  third,  a  mean  length,  which  it  is  assumed  will  be  free 
mstant  error. 

U  be  recalled  that  the  results  of  July,  1891,  were  obtained  by 
nn  and  Woodward,  while  all  the  rest  were  obtained  by  Siebert 
oodward,  who  used  the  bar  sdso  in  the  position  A-eud  right  in 
work  of  Helton  base.    We  might,  therefore,  use  the  results  of 

getting  ttie  mean  length  of  JBn,  but  they  should  be  excluded  in 
;  the  other  lengths.  In  any  case,  however,  it  can  make  but 
Lifference  whether  we  include  or  exclude  the  results  of  1891, 
he  wei^^hts  we  are  constrained  to  adopt  amount  practically  to 
elusion  of  those  results.  The  same  remark  applies  also  to  the 
of  the  indirect  determinations  of  April  and  May,  1892,  since 
eights  must  be  small  in  comparison  with  the  weights  of  the 
of  the  direct  determinations. 

Derivation  of  lengths  of  Bn  in  terms  of  M2\. — It  is  assumed,  as  al- 
itated,  that  the  length  of  ^n  observed  by  Siebert  and  Woodward 
ter  or  less  than  its  mean  length  according  as  the  A-end  is  left  or 
3y  a  constant  which  we  may  denote  by  u.  In  conformity  with 
sumption,  if  B^  denote  the  mean  length  of  the  bar,  or  the  length 
)m  systematic  error,  Bn+u  will  be  the  observed  length  for  A-end 
i  Bn-zU  the  observed  length  for  A-end  right, 
observed  lengths  given  in  Table  XII  afford  a  series  of  observa- 
luations  from  which  Bn  and  u  may  be  determined.  In  writing 
equations  the  question  whether  the  theoretical  weights  of  the 
ed  quantities  should  be  modified  in  any  way  presents  itself, 
the  probable  errors  of  the  observed  lengths  of  1892  as  a  basis, 
ights  of  these  lengths  are  proportional  to  the  numbers  1,  0*2, 

These  seem  to  present  great  disparity,  but  in  view  of  all  the 
Brations  set  forth  in  the  preceding  sections,  I  am  not  disposed  to 
5  them.  Other  numbers  presenting  less  disparity  might  be  used, 
e  resulting  values  for  Bn  and  u  would  not  be  much  changed 
y.  Adopting  these  theoretical  weights,  then,  and  writing  for 
r,  >5=-Bn— 5",  the  observation  equations  given  by  the  results  in 
KII  become 

fVeighU 

/5  +  u  +  U'6^  =+0-27'^,  1, 

y5  -  tt  + 16-2  =  - 1-83,  1, 

^+u  +  ll'5  =-2-83,  0-2, 

;j-t*  +  ll-9  =-6-13,  0-2, 

P+U  + 14-4  =  +  0-07,  4, 

/3^u +  1S*S  =  +  0-77,  4. 
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The  normal  equations  from  these  are 


whence 


10-4/?= -168-28'*, 
10-4tt  =  +   19-28, 

/J=-16-18'»±0-40% 
«  =  +  1-85    ±0-40. 


%- 


The  sum  of  the  weighted  squares  of  the  residuals  is  14-93.  Hence  the 
probable  error  of  an  observed  quantity  of  unit  weight  is  il-S**,  and 
the  probable  error  of  either  /?  or  w  is  ±  0-40'".  Likewise,  the  probable 
error  of  /S  +  u  or  /S—u  is  ±  0-8'* ,  or  exactly  twice  that  of  /5  or  u. 

Hence  the  values  we  adopt  for  the  length  of  Bn  in  terms  of  Proto- 
type Metre  M21  arc  the  following: 

• 

Bn  =  5™  -  U'3^  ±  0-8"  for  A  end  left, 
Bu  =  5   -18-0    ±0-8     for  A  end  right, 
,        '  Bn  =  5   —16-2     ±0-4     for  mean. 

It  is  to  be  remarked  that  the  first  two  values  here  givien  apply  eaip^' 
cially  to  the  work  done  with  the  bar  by  the  observers  Siebert  and  Woi^' 
ward.     Other  observers  having  different  i)ersoDal  equations  mi^^ 
assign  different  lengths  for  the  left  and  right  orientations  of  the 
The  last  value,  on  the  other  hand,  is  supposed  to  be  free  from  s; 
tematic  error  dependent  on  x)ersonal  equation  and  on  the  orientation 
the  bar.    It  is  the  length  which  should  be  applied  in  deriving  t: 
mean  length  of  a  line  measured  the  same  number  of  times  for 
orientation  of  the  bar. 

With  respect  to  the  adopted  mean  length  of  Bnj  it  may  be  ftirth 
remarked  that  it  differs  but  O-O**  from  the  mean  of  the  direct  determin 
tions  of  February  and  March,  1892,  and  but  0-4'*  from  thamean  of  t 
direct  determinations  of  July  and  August,  1892.    These  two  series 
determinations  were  the  most  extensive  and  accordant  of  all  the  dete 
minations  made,  though  differing  much  in  precision.    It  is  seen,  ho 
ever,  that  if  this  difference  in  precision  were  ignored,  the  simple  mea 
of  the  two  values  for  either  orienfcitiou  or  for  the  mean  of  both  woul 
not  differ  widely  from  the  adopted  values.    Thus,  the  mean  with  equa 
weights  for  A-cnd  left  is  5™— 14*5'* ;  that  for  Aend  right  is  5™— 17-5''  ^ 
and  for  the  mean  of  these  two  5'"— IG-O**.    Finally,  it  may  be  remarke<U 
that  the  results  of  July,  1891,  and  those  of  April  and  May,  1892,  which 
are  practically  rejected  by  reason  of  their  small  weights,  do  not  differ 
at  most  from  the  adopted  values  by  amounts  much  in  excess  of  the 
millionth  part  of  the  bar's  length;  the  discrepances  being,  in  fact,  S-S** 
for  Aend  left,  6-1''  for  Aend  right,  and  4-8'*  in  the  mean.    Moreover, 
these  discrepances  are  quite  within  the  range  indicated  by  the  proba- 
ble errors  of  the  inferior  results.    It  appears  proper  to  conclude,  there- 
fore, that  the  values  for  Bn  adopted  above,  are  trustworthy  to  the  extent 
shown  by  their  probable  errors. 


i^yOe  € 
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(^23)  Lengths  of  Bn  in  terms  of  tlie  International  metre. — ^The  values  for 
figth  of  Bn  derived  in  the  preceding  section  are  expressed  in  terms  of  . 
rototype  Metre  No.  21.  It  remains,  then,  to  combine  the  probable  error 
'  the  length  of  this  metre  with  the  probable  errors  of  those  derived 
Dgths  in  order  to  get  the  probable  errors  of  the  lengths  of  Bn  when 
:pressed  in  terms  of  the  International  Metre.  In  the  Eapport  sur  la 
instraction,  les  comparaisons  et  les  autres  Operations  ayant  servi  k 
;tei*miner  les  Equations  des  Nouveaux  Prototype  M^trique,  p.  82,  the 
obable  errors  of  the  Prototypes  are  said  to  vary  from  ±0*1'*  to 
0-2*^  between  such  limits  of  temperature  as  are  ordinarily  met  in 
jtrology.  Since  in  the  application  of  M21  to  the  determination  of  JBn 
]y  one  temperature,  namely,  that  of  melting  ice,  has  been  used,  we 
all  adopt  the  extreme  value  ±  0-2"  for  the  probable  error  of  the  length 
Mil,  The  probable  error  of  6M21  is  then  dtl-Q**,  and  the  probable 
rorpf  the  length  of  Bn  for  A-end  left  or  right  becomes  il'S**,  and 
r  the  mean  length  ±1-1'*.  Hence  we  have  for  the  leugth  of  Bn  m 
rins  of  the  International  Metre,  the  following  values,  the  first  two  of 
tiich  apply  only  to  the  work  done  with  the  bar  by  Siebert  and  Wood- 

Bn  =  5™  - 14-3''  ±  l-a*^  for  A-end  left. 
jBn  =  5    -18-0    rtl-3    for  A-eud  right. 
JB,7  =  5    - 16-2    zt  1-1    for  mean. 

'J34)  Concluding  remarks. — In  designing  and  using  the  iced-bar  appa- 
lls many  questions  not  referred  to  in  the  preceding  pages  were  raised 
I  considered.  Some  of  these  have  important  bearings  on  the  practi- 
success  of  the  apparatus,  and  most  of  them  will  naturally  arise  in 
mind  of  the  critical  reader.  It  is  proper,  therefore,  to  devote  soine 
^ntion  to  them  here.  ' 

-he  most  obvious  and  important  of  these  questions  is  whether  the 
*  assumes  the  temperature  of  melting  ice  when  fully  packed  in  it. 
absolutely  crucial  mode  of  answering  this  question  is  known  to  me, 
t  there  appears  to  be  no  reason  to  sup[)ose  that  it  takes  a  materially 
ferent  temperature.  Eepeated  observations  011  mercurial  thermome- 
8  placed  in  the  ice  alongside  of  the  bar  show  that  they  read  zero  0. 
,hin  the  unavoidable  errors  of  a  few  hundredths  of  a  degree.    That 

>  bar  assumes  a  fixed  length  within  very  narrow  limits  is,  it  would 
m,  demonstrated  by  the  small  range  amongst  the  determinations  of 
length  on  the  new  comparator,  and  the  equally  small  range  amongst 

>  measares  made  with  the  apparatus  on  the  100™  comparator  and  the 
ndard  kilometre  of  the  Ilolton  Base.  Considering  these  ranges,  and 
5  fact  that  the  bar's  expansion  is  about  ao**  per  degree  C,  there  is  but 
ry  small  margin  for  variation  in  the  bar's  length.  An  independent 
d  perhaps  more  conclusive  answer  to  this  question  is  afforded  by  the 
lults  of  the  two  most  important  groups  of  determinations  of  the  length 
the  bai*,  namely,  the  group  of  February  to  March,  1892,  and  that  of 
]y  and  August,  1892,    During  the  period  covered  by  the  first  group 
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the  air  temperature  about  the  Y-trough  varied  fi-om  5^  to  10^  C.,  while 
for  the  latter  group  the  air  temperature  varied  from  25^  to  40^  0.  If 
the  bar  is  affected  to  any  appreciable  extent  by  the  external  air  tem- 
perature  it  ought  to  have  been  longer  at  the  time  of  the  necond  group 
of  compansous  than  at  the  time  of  the  first,  since  the  average  air  tem- 
perature for  the  second  group  was  higher  by  about  30^  C.  than  for  the 
first  group.  The  mean  lengths  for  those  groups  diflfer,  however,  by 
only  1'2'',  the  indicated  length  of  the  bar  being  so  much  shorter  at  the 
higher  than  at  the  lower  temperature.  My  conclusion,  then,  is  that  the 
bar  assumes  a  sensibly  constant  temperature  when  properly  iced  in  the 
Y-trough. 

The  time  required  by  the  bar  to  reach  a  stable  length  is  less  than  ten 
minutes.  The  rate  of  temperature  change  is  so  great  in  the  early  stages 
of  freezing  that  90  per  cent  or  more  of  the  contraetion  of  the  bar  occurs 
within  a  minute  after  it  is  well  surrounded  by  ice.  The  corresponding 
time  required  by  the  prototype  metre  to  reach  a  "stable  length  appears 
to  be  less  than  five  minutes,  which  is  less  than  the  time  required  to 
properly  pack  it  in  ice.  In  the  use  of  the  apparatus,  however,  the  bar 
and  metre  have  been,  in  general,  fully  packed  in  ice  from  half  an  hour 
to  an  hour  before  observing.on  them. 

A  question  which  received  attention  in  designing  the  apparatus  is 
whether  the  friction  of  the  bar  on  its  supports  in  the  Y-trough  may  not 
affect  its  length  appreciably.    Since  the  cross  section  of  the  bar  is 
2*56  square  centimetres,  and  the  modulus  of  elasticity  of  steel  about 
2x10®  kilogrammes   per  square  centimetre,  it  would  require  a  lon- 
gitudinal stress  of  1  kilogramme  to  change  the  bar's  length  1  micron  if 
the  bar  were  free  to  respond  to  such  stress.    From  this  calculation  and 
from  a  consideration  of  the  actual  circumstances  under  which  the  bar 
is  used,  it  was  concluded  that  this  friction  would  produce  no  apprecia 
ble  effect.    Some  direct  experiments  to  test  this  point  were  made, 
however,  during  the  course  of  the  comparisons  with  the  Prototype  Metre 
of  February  and  March,  1892.    In  these  experiments  the  Y-trough  vas 
subjected  alternately  in  quick  succession  to  tension  and  compression 
while  readings  were  made  on  the  bar.    Several  such  trials  were  made 
without  disclosing  any  change  in  the  bar's  length.    It  is,  indeed,  diffi- 
cult to  see  how  any  frictional  stress  could  manifest  itself,  especially 
when  the  apparatus  is  trundled  along  on  its  cars  as  in  measuring  a  line 
or  as  used  on  the  new  comparator,  since  the  jarring  incident  to  such 
motion  ought  to  relieve  the  bar  from  all  but  the  smallest  stress. 

A  query  may  also  arise  as  to  the  effect  on  the  bar's  temperature  of 
the  exposed  graduated  surfaces.  It  might  be  inferred  that  the  bar  is 
perceptibly  hotter  by  reason  of  these  exix)sed  parts,  small  though  they 
are,  than  it  would  be  if  entirely  covered  with  ice.  But  a  study  of  the 
physical  relations  here  presented  does  not  justify  such  an  inference. 
The  reason  is  that  the  conductivity  of  the  steel  is  so  much  higher  than 
its  emissivity  in  air  that  the  exposed  parts  of  the  bar  cannot  differ  in 
temperature  by  more  than  a  few  thousandths  of  a  degree  from  the 
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"A  parts.*  Whatfever  this  excess  may  be,  it  can  affect  only 
tions  of  the  bar,  and  hence  produce  only  vanishing  changes  of 
The  same  conclasion,  it  woald  api^ear,  applies  with  neater 
'  to  the  Prototype  Metre.  A  simple  and  direct  experiment 
)n  this  question  has  also  been  frequently  tried.  It  consisted 
(cope  readings  on  the  ends  of  the  bar  just  before  and  just  after 
the  bare  finger  for  a  period  of  ten  to  thirty  seconds  against 
e  graduation  plugs.  If  the  heat  thus  conducted  from  the  hand 
.r  is  not  speedily  dissipated,  the  bar  should  have  been  measura- 
hened  thereby.  No  such  change,  however,  was  observed, 
stacle  which  sometimes  proves  troublesome  in  the  use  of  the 
IS,  is  the  condensation  of  moisture  on  the  graduated  surfaces 
r.  The  most  effective  means  found  for  removing  this  is  a  dry 
lair  brush.  Such  brushes  were  used  in  the  long  series  of  com- 
of  the  bar  and  Prototype  Metre  in  July  and  August,  1892,  and 
ial  delay  from  moisture  occurred. 

j^  exx)erience  with  the  apparatus  leads  me  to  recommend  a  bar 
Y-shaped  rather  than  a  rectangular  cross  section.  Such  a  bar 
3sses8  the  requisite  rigidity  with  small  mass  per  unit  length, 
be  subdivided  into  metre  spaces  by  marks  on  its  neutral  sur- 
1  its  entire  length  determined  by  measuring  those  spaces 
Ly  as  well  as  by  the  method  dependent  on  the  use  of  six  micro- 
Its  fiducial  lines  should  be  of  equal  width  within  a  micron  or 
that  personal  equation  would  be  certain  of  elimination  by 
B  of  positions,  of  the  observers  for  either  orientation  of  the  bar. 
a  might  also  be  made  for  protecting  the  graduated  surfaces 
5ct  contact  with  the  ice.  For  this  purpose  hard  rubber  tubes 
t  fitted  around  those  surfaces,  and  if  desirable  they  could  be 
ig  enough  to  extend  up  through  the  ice  pack.  Such  tubes 
'event  abrasion  of  the  polished  surfaces  by  grit  in  the  ice,  and 
so  protect  them  to  some  extent  from  currents  of  air,  which,  if 
th  moisture,  produce  troublesome  condensation.  The  length 
\g  ice  of  a  bar  possessing  this  degree  of  refinement  could  be 
letermined  by  the  method  followed  on  the  new  comparator.  It 
)pear,in  fact,  from  our  experience  in  the  use  of  that  comparatior 
length  of  such  a  bar  in  terms  of  a  prototype  metre  would  be 
rith  a  probable  error  not  exceeding  1  micron  from  the  mean  of 
sures,  which  might  be  made  in  one  day,  or  in  two  days  at  most. 

mclnsion  is  based  on  an  investigation  made  by  the  author  in  1888,  namely^ 
fusion  of  heat  in  homogeneous  rectangular  masses,  with  a  special  reference 
sd  as  standards  of  length.  Annals  of  Mathematics,  vol.  4,  pp.  101-127.  It 
om  this  investigation,  which  is  founded  on  Fourier's  methods,  that  a  bar 
TOSS  section  (less  than  4<'">x4<^™,  say),  cooliug  or  heating  in  air  from  an 
form  temperature,  maintains  a  sensibly  uniform  temperature  throughout 
Luring  the  entire  process  of  cooling  or  heating.  That  is,  the  difference 
lie  temperatures  within  and  at  the  surface  of  the  mass  is  very  small  when 
action  is  smalL 
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CHAPTER  m. 

Measurements  Made  With  Iced  Bar  Apparatus  it 

HoLTON  Base  in  1891. 

(1)  Plan  of  operatums  with  apparatus  in  1891, — ^The  plan  submitted 
by  me  to  the  Superintendent  of  the  Survey  for  the  use  of  this  apparatus 
on  the  Holton  Base  of  the  transcontinental  triangulation  in  Indiana^ 
contained  the  following  recommendations  which  were  approved  and 
carried  out  during  the  summer  of  1891:  (a)  To  construct  a  100-metre 
comparator  near  the  Holton  Base;  to  standardize  this  comparator  by 
repeated  measurements  with  the  iced  bar,  and  to  use  this  comparator 
in  turn  to  standardize  and  study  the  behavior  of  100"»  tax>es  or  those  of  - 
less  length,  or  uny  other  form  of  base  apparajtus;  (b)  to  use  the  iced 
bar  in  addition  to  make  several  measures  of  a  kilometre  at  least  of  the 
base  line,  so  that  the  efficiency  of  the  different  forms  of  apparatus  used 
in  measuring  the  whole  base  could  be  tested  on  the  actual  ground  over 
which  they  were  applied. 

Before  giving  the  results  of  the  measures  made  with  the  iced  bar  it 
is  proper  to  give  a  brief  description  of  the  long  comparator  and  of  the 
kilometre  whereon  the  apparatus  was  used. 

(2)  The  100-metre  comparator, — ^The  100  metre  comparator  of  the 
Holton' Base  was  a  line  100°*  long  fitted  for  measurement  with  the  iced, 
bar  apparatus.     Twenty-one  beech- wood  microscope  posts,  l-S"*  long 
and  15®™  x  IS*^"  in  cross  section,  w^ere  set  firmly  in  the  ground,  5"  apart^ 
on  a  level  plat  near  the  north  end  of  the  base.    Alongside  of  the  posts 
a  stationary  railway  track  was  laid,  the  support  posts  of  which  were 
half  way  between  the  microscope  posts.    The  ends  of  the  line  were 
marked  by  brass,  spherical -headed  bolts  cemented  into  the  upper  ends 
of  stone  posts,  which  latter  were  well  set  in  beds  of  concrete.    The 
comparator  was  covered  by  a  shed  llO*"  long  by  3"'  wide.    Its  length 
extended  nearly  east  and  west.    It  was  covered  at  the  ends  and  on  the 
south  side  as  well  as  overhead,  but  the  north  side  was  left  open  iu 
order  to  permit  free  access  of  daylight  and  air.    (See  illustration  No.  31.) 

This  comparator  was  built  by  Assistant  A.  T.  Mosmaii  after  plans 
drawn  up  by  Mr.  Siebert.  It  answered  its  purpose  very  satisfactorily. 
An  efficient  auxiliary  applied  by  Assistant  Mosman  was  a  sawdust 
covering  to  the  ground  along  the  comparator.  This  covering  absorbed 
the  dust  and  moisture,  and  prevented  the  transmission  of  disturbances 
through  the  ground  to  the  microscope  posts.  The  stability  of  these 
posts  may  be  inferred  from  the  measures  of  the  comx)arator  interval 
^iven  below. 
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(3)  The  standard  kilometre. — ^A  nearly  level  portion,  one  kilometre  in 
lengrth,  of  the  Holtou  Base  was  selected  by  Assistant  Mosman  for  meas- 
urement with  the  iced  bar  aparatus.  The  base  line,  whose  entire 
length  is  5-5  kilometres,  runs  in  a  nearly  north  and  south  direction 
across  the  Crawfish  Flats  of  Southern  Indiana.  The  portion  selected 
for  the  iced  bar  measures  passes  for  600'"  of  its  length  through  a  dense 
forest  growth,  leaving  about  200"»  at  either  end  in  open  Helds.  The 
whole  kilometre  is  on  low  ground  and  the  part  within  the  forest  Is,  in 
a  wet  season,  subject  to  partial  inundation.  The  soil  along  the  kilo- 
metre is  a  stiff  clay,  which  is  very  firm  when  dry,  but  which  assumes  a 
ieUy-like  mobility  and  elasticity  when  saturated  with  water. 

The  way  through  the  forest  wa«  cleared,  and  the  end  stones  of  the 
kilometre  were  set  under  the  direction  of  Assistant  Mosman  during 
May  and  June,  1891.  During  the  latter  half  of  the  following  August 
and  early  September  the  microscope  and  track  posts  were  set  along  the 
line.  Owing  to  frequent  and  heavy  rains  this  was  a  tedious  operation. 
Many  of  the  posts  were  set  in  the  water  which  filled  the  post  holes  as 
&8t  as  they  were  dug.  It  is  impossible,  therefore,  to  present  any  sta« 
tistics  as  to  the  speed  with  which  this  work  can  be  done  under  usually 
favorable  circumstances.  It  may  be  remarked,  however,  that  it  is  a 
Work  which  requires  but  little  skilled  labor.  In  addition,  it  should  be 
Said  that  the  microscope  posts  were  set  with  considerable  precision. 
Accurate  spacing  of  the  posts  to  S"*  apart  was  secured  by  means  of 
100°>  and  shorter  steel  tapes,  while  the  posts  were  aligned  by  means  of 
*  theodolite.  The  probable  error  in  position  of  a  post  face  with  respect 
^  the  kilometre  line  does  not,  Ilthink,  exceed  i  3™",  while  the  proba- 
ble error  of  the  reference  line  fixed  on  the  posts,  as  explained  in  section 
^>  Chapter  I,  does  not  exceed  ±  1"". 

The  bolts  marking  the  termini  of  the  kilometre  were  cemented  in  the 
^tid  stones  by  Assistant  Mosman  early  in  August,  after  their  proper 
Relative  positions  had  been  determined  by  Assistant  O.  H.  Tittmann 
'^ith  the  Survey  secondary  apparatus.  Intermediate  stones  dividing 
the  kilometre  into  four  nearly  equal  sections  were  set  on  September  7, 
1891.  Each  of  them  consisted  of  a  half  cubic  metre  of  concrete  set  in 
the  ground  so  that  its  upper  surface  was  about  even  with  the  ground 
Surface.  On  the  top  of  each  stone  was  cemented  one  of  the  Eepsold 
crt  off  plates,  which  are  provided  with  spherical  headed  bolts  for  use 
with  the  cut-off  cylinder  previously  described. 

When  these  intermediate  stones  were  set,  the  ground  along  the  line 
was  so  wet  that  it  was  a  matter  of  difficulty  to  keep  the  water  out  of 
the  excavations  while  the  concrete  was  being  rammed  into  place. 
These  stones  did  not  become  dry  and  hard  until  deep  trenches  were 
dug  about  them  on  September  18,  1891.  For  this  reason  it  is  probable 
that  these  stones  were  much  less  stable  during  the  first  two  measures 


•li 
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of  the  kilometre  (September  10, 15)  than  during  the  last  two  measirefi, 
(September  26,  30). 

(4)  ResulU  of  measures  of  comparator  interval. — ^The  distance  be- 
tween the  terminal  spheres  of  the  100™  comparator  was  measured  nine- 
teen times.  The  first  nine  measures  were  made  between  July  30  and 
August  7, 1891,  and  the  remainder  between  September  24  and  October 
6.  A  measure  as  here  designated  means  a  determination  of  the  com 
parator  interval  without  interchange  of  the  observers  in  reading  on 
the  ends  of  the  bar.  Such  interchange  of  observers  took  place  in  aD 
cases  except  for  the  first  five  measures,  during  which  direct  obeerva- 
tions  for  personal  equation  were  made  on  the  bar.  These  observations 
proceeded  on  the  assumption  that  the  relative  equation  of  the  observ- 
ers was  the  same  at  both  ends  of  the  bar.  But,  as  shown  in  section 
20  of  Chapter  II,  this  assumption  is  not  correct.  It  becomes  essen- 
tial, therefore,  to  recur  to  the  investigation  given  in  the  section  just 
referred  to  in  order  to  understand  how  the  personal  equation  affeets 
the  measures  in  question. 

In  all  measures  of  the  comparator  interval  the  A  end  of  ^^  was 
right,  and  the  observers  were  S  (Siebert)  and  W  (Woodward).  When 
a  measure  proceeded  from  left  to  right  (or  west  to  ea^t)  8  always 
observed  at  the  right  or  A  end  of  the  bar  and  W  at  the  other  end,  if 
they  did  not  exchange  positions.  When  they  did  exchange  positions, 
S  always  observed  first  on  the  A  end  and  W  at  the  B  end  of  the  bar. 
When  a  measure  proceeded  from  right  to  left,  S  always  observed  first 
at  the  B  end  of  the  bar  and  W  at  the  A  end. 

In  conformity,  then,  with  the  notation  of  section  20,  Chapter  II,  let 
Xi,  JC2,  -Bi,  Rij  denote  the  left  and  right  hand  readings  respectively  of 
a  pair  of  microscopes  for  any  bar  length;  and  let  /S,,  8^,  Tf„  V\ 
denote  the  corrections  to  these  readings  for  personal  equations  of  tbe 
observers  at  the  A  end  aud  B  end  of  the  bar,  respectively.  Then,  sup- 
posing the  measure  to  proceed  from  left  to  right,  the  distance  between 
the  pair  of  microscopes  considered  is 

for  the  first  position  of  the  observers,  and 

for  the  second  position. 

Now  the  derived  length  of  Bn  for  A  end  right  corresponds  to  <^ 
mean  of  these  two  expressions  (a)  and  (b);  but  when,  as  in  the  c^^ 
of  the  first  five  measures  of  the  comparator  interval,  the  express! -^ 
(a)  only  was  observed,  the  use  of  the  derived  value  of  Bn  gives  a  d^ 
tance  too  large  by  (S^—Wy,)  for  each  bar  length.  Similarly,  fe^ 
distance  in  the  case  of  the  use  of  expression  (b)  only  is  too  small  'ft^J 
(^b—  W^)  per  bar  length.  It  is  necessary,  therefore  to  treat  the  hr^ 
group  of  measures  of  the  comparator  interval  in  such  a  way  as  to  ta*^ 
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e  account  of  the  inequality  of  the  numbers  of  measures  in  the  two 
ses  denoted  by  the  expressions  (a)  and  (b). 

Let  Di  denote  the  most  probable  value  of  the  apparent  distance 
tween  the  terminal  spheres  when  the  expression  (a)  is  used,  and  D% 
e  corresponding  value  when  the  expression  (b)  is  uded.  Then  the 
Bolting  observation  equations  will  be  of  the  forms 

D2-20J5n-Q''=t?",  W 

herein  Q'  and  Q"  are  the  quantities^  measured  with  the  microscopes 
id  cut-off  cylinders,  and  t?'  and  t?"  are  their  most  probable  correc- 
)nB.  If,  on  the  other  hand,  D  denotes  the  most  probable  value  of  the 
itual  interval  between  the  terminal  spheres,  we  shall  have 

D  =  J  (D,  +  2)2).  (2) 

In  the  case  of  the  second  group  of  measures,  the  observers  ex- 
anged  positions  in  every  cd»se,  so  that  we  might  use  the  values 
salting  from  the  means  of  the  expressions  (a)  and  (b) ;  but  inasmuch 
it  is  desirable  to  get  an  idea  of  the  constancy  of  the  personal  equa- 
m  effect,  we  shall  treat  the  second  group  in  the  same  manner  as  the 
st;  that  18,  by  means  of  equations  (1)  and  (2). 
rhe  greater  part  of  the  measures  were  made  by  moving  the  bar 
m  west  to  east  (or  left  to  right)  along  the  comparator.  Some  of  the 
}er  measures  were  made  in  the  opposite  direction,  and  they  disclose,  . 
patently,  a  source  of  systematic  though  minute  error,  dependidg  on 
e  direction  of  measure.  The  same  sort  of  error  is  indicated  also  by 
e  measures  of  the  standard  kilometre  given  in  detail  below.  We 
all  exhibit  the  data,  then,  in  a  way  to  disclose  these  effects  as  well 
those  arising  from  personal  equation. 

Table  I  following  gives  all  of  the  data  observed  for  the  length  of 
e  comparator  except  the  special  observations  for  personal  equation 
laded  to  above  and  referred  to  again  below.  The  first  column  gives 
B  date  of  the  observations.  The  second  column  gives  the  direction 
which  the  measure  proceeded;  W  to  B,  for  example,  signifying  that 
B  measure  started  from  the  west  end  of  the  comparator  and  pro- 
)ded  towards  the  east  end,  or  proceeded  from  left  to  right.  The 
ird  column  gives  the  observation  equations  in  the  forms  (1)  above. 
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Table  I. — Bata forXength of  100^  comparator. 


Dmte. 

Direction  of 
measure. 

.Observation  equation. 

189 

I. 

mm.             mm. 

July 

30 

Wto  E 

Di  —  20  B,T—  39-532      +  0055 

30 

Wto  E 

Di  — 20        —     -574^4-   -013 

30 

W  to  E 

D 1  —  20        —     '660 -073 

3^ 

Wto  E 

Di  — 20       —      -548  —  +    -039 

Aug. 

3 

W  to  E 

D 1  —  20        —      "643  —  —    -056 

4 

Wto  E 

D 1  —  20        —      -624  =  —   -037 

/ 

4 

W  to  E 

Da  —  20        —      -476 — —    -026 

7 

W  to  E 

Di  —  20        —      •528:=-|-    -059 

7 

W  to  E 

Dj  — 20        —      -424  — -|-    "026 

Sept. 

24 

W  to  E 

D 1  —  20  3,7  —  39272  =  -f  0134 

24 

W  to  E 

D2  — 20        —     •i9i_-i-    -149 

Oct. 

2 

W  to  E 

Di  — 20        —      '394  —  4-     012 

2 

W  to  E     ' 

D3  —  20        —     -320  =  4-    '020 

2 

E  to  W 

D ,  —  20        —     -432  —  —    -026 

2 

E  to  W 

D,  —  20        —     -369  —  —    -029 

6 

W  to  E 

D,— 20.       —      -422  =  —   -016 

6 

W  to  E 

D^  — 20        —      -370  =  —    030 

6 

E  to  W 

D,  —  20        —     •512= —   -106 

6 

E  to  W 

D3  —  20        —      *449  =  —   'I09 

(6)  Derivation  of  lengths  of  Comparator. — ^An  inspection  of  the  results 
in  the  above  table  indicates  that  the  length  of  the  comparator  interval 
changed  during  the  period  of  aboat  two  months  which  elapsed  betwe^ 
the  determinations  of  the  two  groups.  That  such  a  change  might  occur 
seems  not  improbable,  since  the  stones  carrying  the  terminal  spUeies 
rose  to  a  level  with  the  ground  surface,  and  since  a  marked  change  in 
the  amount  of  moisture  in  the  ground  took  place  during  the  period. 
The  results  of  the  second  group  of  determinations  indicate  that  such  a 
change  was  taking  place  at  the  time  they  were  made.  Additional  evi- 
dence that  such  changes  are  likely  to  occur  is  afforded  by  the  measures 
of  the  sections  of  the  standard  kilometre,  as  explained  below.  It  will 
be  assumed,  therefore,  that  the  values  of  B  for  the  two  groups  should 
differ,  and  the  observed  quantities  will  be  treated  accordingly. 

Attributing  equal  weights  to  the  observation  equationSi  we  have 

from  the  first  group 

mm. 

Bi  =  20i?n  +  39-587 
Da  =  20^17  4-  39-450 

The  sum  of  the  squares  of  the  residuals,  using  the  millimetre  as  unit, 
is  0*0193.  The  number  of  equations  is  9  and  the  number  of  unknowns 
2.  Hence  the  probable  error  of  a  single  equation  is  ±  0*036""™,  and  the 
apparent  lengths  Bi  and  Bt  have  probable  errors  of  i  0-014"»™  and 
±  0-026™™,  respectively. 

But  the  objective  quantity  is  D  =  ^{B\  4-  B2).  Using  the  above 
numerical  values  and  observing  that  the  probable  error  of  D  is 
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)  firom  the  first  group  of  observations — 

2>  =  2OB17  +  39'518»°»  ±  0-010«>». 
the  second  group  of  measures  we  find 

Di  =  20Bn  +  39-406 
A  =  20^,7  +  39-340 

am  of  the  squares  of  the  residuals  is  0-OCG  and  the  probable 
a  single  equation  is  ±  0-061'°"\  Hence  we  find  for  the  length 
>mparator  from  the  second  group  of  measures 

D  =  20J8n  +  39-373™°'  ±  0-019"»«.    * 

scussion  of  results  of  comparator  measures. — ^The  two  values  of 
lerived/difler  by  0-145"'*",  a  quantity  14-5  times  the  probable 
the  first  value  of  D  and  5-4  times  the  probable  error  of  the  sec- 
le  of  D.  It  seems  probable,  therefore,  that,  whatever  may  be 
e  of  this  difference,  it  is  a  real  quantity,  although  it  is  but 
0th  part  of  the  comparator  interval. 

mable  to  explain  the  greater  magnitudes  of  the  residuals  in 
nd  group  of  comparisons  over  those  in  the  first  group.  It  may 
ved,  however,  that  the  hypothesis  of  a  uniform  increase  of  the 
Di  or  J>2,  from  September  24  to  October  6,  satisfies  the  observed 
ery  closely  and  renders  them  quite  as  accordant  as  the  first 
'.  values.  So  far  as  skill  in  handling  the  apparatus  could  affect 
fiures,  those  of  the  latter  group  should  be  the  more  precise, 
the  interval  between  the  two  groups  the  observers  had  the 
of  a  large  amount  of  experience  with  the  apparatus  on  the 
1  kilometre.  Judging  from  our  experience  on  that  kilometre 
he  second  set  of  measures  of  it,  when  the  conditions  were  about 
favorable  to  those  presented  on  the  comparator,  it  would  seem 
)le  for  the  normal  errors  of  measurement  to  produce  a  range  as 
that  shown  in  the  second  group  of  comparator  measures. 
)ngth  of  the  comparator  interval  was  used  in  turn  to  stand- 
he  100™  steel  tapes,  as  explained  in  Chapter  ly,  and  also  to 
iize  the  bars  of  the  secondary  apparatus.  To  get  working 
of  the  comparator  for  these  purposes,  it  wjU  be  assumed  that 
th  changed  uniformly  with  the  time  which  elapsed  between  the 
ips  of  measures.  Fortunately  the  greater  part  of  the  determina* 
the  tape  lengths  was  made  at  about  the  times  of  the  groups  of 
s  of  the  comparator  interval. 

take  the  difference  between  Di  and  A  for  the  two  groups  of 
3on,  we  find 

+ 137  for  the  first  group, 
+   66  for  the  second  group. 
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These  quantities  represent  twenty  times  the  fiinction  (Sa-.Fb)  + 
(iSb  —  W»)  of  the  personal  equations  of  the  observers,  as  shown  by  the 
expressions  (a)  and  (b)  of  section  4  above.  This  function  is  also  the 
same  as  t?'  of  section  20,  Chapter  II.    Hence  we  have  • 

v'  =1  +  6-8  **  for  the  first  group, 
17'  =  4-  3-3  for  the  second  group. 

The  first  of  these  values  is  less  trustworthy  than  the  second,  since  the 
latter  is  independent  of  all  sources  of  error  save  that  of  the  character 
of  personal  equation,  while  the  former  involves  other  sources  of  error. 
If  we  use  the  observations  of  August  4  and  7  only  in  the  first  gronp, 
the  resulting  value  of  t?'  is  +3'8'*,  which  does  not  differ  materially  from 
the  value  coming  from  the  second  group. 

Had  we  assumed  the  values  of  (iS,  —  Wi,)  and  {Sy,  —  W.)  equal,  as  was 
done  in  a  preliminary  account  of  this  work  published  in  the  American 
Journal  of  Science  for  January,  1893,  the  resulting  value  of  D  for  the 
second  group  would  have  been  identical  with  that  derived  above,  while 
that  for  the  first  group  would  have  differed  from  the  value  adopted  by 
only  4**, 

The  direct  observations  for  personal  equation  referred  to  in  section 
4,  and  published  in  the  number  of  the  American  Journal  of  Science  jnst 
cited,  were  made  on  July  30,  31,  August  3,  4, 1891.  They  give  M"  for 
the  value  of  (S^,  —  T^^b)  or  {8^  —  WJ),  supposing  these  to  be  equal,  and 
4*8'*  for  the  quantity  corresponding  to  v\ 

It  appears,  then,  that  the  relative  personal  equation  of  the  observers 
would  have  been  an  appreciable  source  of  error  in  this  work  had  not 
care  been  taken  to  eliminate  its  effect. 

Finally,  attention  may  be  called  to  the  indication  of  systematic  error, 
due  to  the  direction  of  measurement,  furnished  by  the  measores  of 
October  2  and  6, 1891.    lieferring  to  Table  I,  it  is  seen  that  on 

mm, 
Oct.  2,     D  =  20^,7  +  39-357  for  direction  W.  to  B. 

D  =  20^17  4-  39-400  for  direction  B.   to  W. 
Oct.  6,     i>  =  20Bn  +  39-396  for  direction  W.  to  B. 

D  =  205,7  +  39-480  for  direction  E.  to  W. 

It  thus  appears  that  the  measure'^omE.  to  W.  exceeded  thatfiromW. 
to  E.  on  October  2  by  0-043™°»  and  on  October  6  by  0-084™",  and  in  the 
mean  by  0-064"*°.  This  amounts  to  1-6**  per  bar  length  relatively  to 
the  mean  of  a  forward  and  backward  measure. 

Taken  by  itself  this  evidence  would  not  appear  to  justify  the  assump- 
tion of  the  existence  of  such  systematic  error;  but  since  a  similar 
discrepancy  is  shown  by  the  measures  of  the  kilonietre  (as  explained  in 
sections  9  and  10  below),  it  is  important  to  note  that  the  circumstances 
attending  the  comparator  measures  of  October  2  and  6  were  closely 
comparable  with  those  attending  the  last  set  of  measures  of  the  kilo- 
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metre.  The  extent  of  the  error  in  the  latter  ineaHiires  is  somewhat  less 
thaB  that  just  indicated,  but  there  seems  to  be  little  doubt  of  its  real- 
ity. A  probable  explanation  of  the  source  of  this  error  in  the  kilometre 
measures  and  in  the  comparator  measures  of  October  2  and  6  is  given 
in  section  10  below,  but  some  doubt  is  entertained  as  to  its  application 
to  all  the  comparator  measures.  If  the  explanation  referred  to  is  cor- 
rect and  applicable  to  the  comparator  measures,  the  computed  values 
of  J>  may  need  a  correction  of  about  0*03"'"' ;  but  since  we  can  not  estab- 
lish the  validity  or  magnitude  of  such  correction,  the  only  way  to  allow 
for  it  is  to  increase  the  assigned  probable  errors  of  the  values  of  i>. 
This  will  be  done  in  the  following  section. 

(7)  Adapted  lengths  far  the  100^  comparatar, — Since  we  have  assumed 
that  the  length  of  the  100°*  comparator  changed  during  the  period 
which  elapsed  between  the  two  groups  of  determinations,  it  is  proper 
to  assign  an  epoch  to  each  derived  length  given  in  section  5.  If  we 
attribute  weights  to  the  several  dates  of  observation  proi^ortional  to 
the  number  of  measures  made  on  each,  these  epochs  are  August  3  and 
October  2, 1891.    The  derived  lengths  and  their  epochs  are  then 

mm,        mm. 
D  =  20Bn  +  39-518  ±  0-010  for  August  3,  1891. 
D  =  20^,7  +  39-373  ±  0-019  for  October  2, 1891. 

The  probable  errors  attached  to  these  values  do  not  include  the 
probable  error  of  Bn.  The  latter  error  for  A-end  right,  as  given  in 
*^tion  23,  Chapter  II,  is  ±  l-S/*.  To  allow  for  the  ix)ssible  source  of 
^rror  mentioned  at  the  close  of  the  preceding  section,  it  is  considered 
^ttfficient  to  increase  the  average  of  the  probable  errors  in  the  above 
^nations,  or  ±  0.015"»",  by  one-third  its  amount.  This  will  make  the 
PJ^bable  error  dependent  on  errors  of  measurement  ±  0-020"'"  for  each 
^^alue  of  D.  Combining  this  with  ±  1-3'*  x  20,  we  have  ±  0-033"""  as  the 
probable  error  of  either  value  of  D  when  expressed  in  terms  of  the 
^liternational  Metre.  This  is  equivalent  to  the  1  /3  000  000th  part  of  the 
length  of  the  comparal  or. 

The  values  we  adopt,  then,  for  the  length  of  the  comparator  in  terms 
of  the  International  Metre,  are 

7nm,        mm, 
D  =  20  /?„  +  39-518  ±  0-033  for  August  3,  1891, 
D  =  20  J5,,  +  39-373  ^  0-033  for  October  2, 1891. 

2?,,  =  5"'-18-0'*. 

(8)  Results  of  measures  of  standard  kilametre. — The  method  followed 
in  making  the  mejwures  of  the  kilometre  of  Holton  Base  has  been  brietly 
explained  in  section  10  of  Chapter  I.  The  specimen  record  given  iu 
section  1 1  of  the  same  chapter  serves  in  all  essential  respects  to  show 
how  the  records  of  the  kilonietre  measures  were  kept.  In  the  latter 
1^'urk,  however,  grades  were  detcrmiued  by  means  of  the  S(»ctor  atUiched 

8.  Ex.  37— l^G 
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to  the  Y-trougli,  and  tile  defect  of  aligDment,  instead  of  being  made 
zero  for  each  bar  length,  was  measm^ed  with  a  millimetre  scale. 

In  all  measures  of  the  kilometre  sections  the  observers  exchsuiged 
positions  to  eliminate  personal  equation,  so  that  we  have  here  to  con- 
sider results  of  the  form  D  =  ^  (Z>|  +  Dt)  only,  instead  of  the  separate 
quantities  Di  and  1>2,  as  in  the  case  of  the  first  group  of  the  comparator 
measures. 

Throughout  these  kilometre  measures  the  A  end  of  B„  was  right  as 
in  the  comparator  measures. 

The  kilometre  lies  in  a  north  and  south  direction,  nearly,  and  the 
direction  of  measurement  will  be  designated  as  ]^.  to  8.  (north  to  soatb) 
or  S.  to  N.,  as  the  case  may  be.  The  direction  N.  to  S.  corresponds  to 
the  direction  left  to  right  of  our  adopted  convention  and  to  W.  to  E. 
(west  to  east)  in  the  designation  of  the  direction  of  the  measures  of  the 
100™  comparator. 

As  explained-  in  section  3,  the  kilometre  was  divided  into  four  nearly 
equal  Sections  by  intermediate  marking  stones  set  a  few  days  before 
the  first  measure  was  begun.  Subsequently  it  was  thought  desirable 
to  have  a  section  100°"  long  at  the  north  end  of  the  kilometre  measured 
with  the  iced  bar,  for  the  purpose  of  studying  the  behavior  of  the  bars 
of  the  secondary  apparatus.  Accordingly,  a  section  stone  was  setOD 
September  10,  1891, 100"  south  of  the  north  end  of  the  kilometre. 

The  first  set  of  measures  of  the  kilometre  began  on  September  9, 1891. 
Starting  at  the  north  end  of  the  kilometre  on  the  afternoon  of  thisdate^ 
it  was  thought  best  to  measure  the  first  section  for  practice  only,  since 
the  men  were  nearly  all  unaccustomed  to  the  work,  and  since  the  port- 
able  tracks  and  some  minor  parts  of  the  apparatus  were  then  used  for 
the  first  time.  Owing  to  some  delays  but  150«"  were  measured  before 
nightfall,  when  the  four  microscopes  were  left  in  place  on  their  posts 
to  mark  the  terminus  of  the  day's  measure.  The  work  was  contiimed 
to  the  end  of  the  section  on  the  following  date.  The  result  of  this  trial 
measure  is  not  included  in  the  adopted  results  given  below,  though  it 
is  given  in  a  footnote  to  Table  II  following.  Although  obtained  under 
the  unfavorable  conditions  stated,  it  does  not  differ  jnaterially  froifl 
the  results  for  the  same  section  obtained  a  few  days  later. 

In  all  the  kilometre  measures  the  observers  on  the  bar  were  J.S.Sie- 
bert  and  li.  S.  Woodward.  Siebert  in  all  cases  adjusted  the  microscope 
at  the  front  end  of  the  bar,  while  Woodward  held  the  trough  and  bar 
by  means  of  the  lever,  as  explained  fully  in  section  10  of  Chapter  I. 
The  grade-sector  readings  and  the  alignment  measures  were  observed 
by  John  F,  Hayford.  The  record  was  kept  by  Robert  Penington, 
except  for  the  last  day's  work,  September  30,  when  Mr.  Hayford  per- 
formed this  task  in  addition  to  his  work  of  observation. 

The  computations  entailed  by  the  work  were  made  by  Siebert,  Hay- 
ford, and  Woodward  in  the  field,  and  carefully  revised  at  the  office  by 
Siebert  and  Woodward. 
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'able  II  following  gives  the  results  of  aU  the  measures  of  the  kilo- 
76  sections  except  that  of  the  trial  measure  alluded  to  above.    Since 

several  corrections  resulting  from  these  measures  are  large  rela- 
)ly  to  those  of  the  measures  of  the  100™  comparator,  it  is  considered 
irable  to  give  them  in  full  detail.  The  first  column  gives  the  date 
lie  measure.  The  second  columh  designates  the  section  measured  as 
1  as  its  length,  0""-100",  for  example,  denoting  the  section  between 

north  terminal  sphere  of  the  kilometre  and  the  next  sphere  south, 
d  third  column  gives  the  direction  in  which  the  measure  proceeded. 
B  following  four  columns  give  in  succession  the  micrometer,  grade, 
^nment,  and  cut-off  corrections.  The  last  column  gives  the  sum  of 
186  corrections,  or  the  excess  of  the  length  of  the  section  over  a  round 
mber  of  bar  lengths,  which  number  is  20,  30,  or  50,  according  as  the 
tion  is  100"»,  150™,  or  260°>  long. 

Table  II. — Data  for  lengths  of  sections  of  standard  kilometre.* 


Date. 

Section. 

1891. 

m      m 

:pt.    15 

O-IOO 

IS 

26 

30 

15 

100-250 

15 

26 

30 

10 

250-500 

15 

26 

29 

II 

500-750 

H 

28 

29 

II 

750-1000 

14 

28 

29 

Direction  of 
measure. 

Microm- 
etre cor- 
rection. 

Grade 
correction. 

Alignment 
cor- 
rection. 

Cut-off  cgr- 
rection. 

Sum  ot 
corrections. 

- 

mm 

mm 

mm 

mm 

mmm 

N.  to  S. 

— 0-478 

-0'338 

—0-245 

—  4-814 

-  5875 

S.  to  N. 

— 0*247 

—0-328 

— 0-225 

—  5-009 

—  5809 

N.  to  S. 

— 0084 

— 0-324 

—0145 

—  4-914 

—  5-467 

S.  to  N. 

— OI4S 

-0-315 

—0-137 

—  5  003 

—  5-600 

N.  to  S. 

—0125 

— 0270 

— 0-292 

+12-909 

+  12-222 

S.  to  N. 

4  o-i2o5 

— 0-264 

-0334 

+  12-722 

+  12-329 

N.  to  S. 

4-0-607 

—0-280 

—0-222 

+12-336 

+  12-441 

S.  to  N. 

+0-876 

—0-258 

—0-352 

+12400 

+  12-666 

N.  to  S. 

-I-0-086 

—0-289 

-0197 

—  5030 

5430 

S.  to  N. 

—0752 

—0-302 

^0-439 

—  3060 

—  4-553 

N.  to  S. 

— 0-670 

— 0-290 

-0-214 

—  4-321 

—  5-495 

S.  to  N. 

— 0-022 

—0-336 

—0-303 

—  4-940 

—  5-601 

N.  to  S. 

— 0-354 

— 0-962 

—0-472 

+20864 

+  19-076 

S.  to  N. 

+1-831 

—  1-048 

-0-535 

-f  19-118 

+  19-366 

N.  to  S. 

— o-ioo 

— 0-950 

-0376 

+21*095 

+  19-669 

S.  10  N. 

+0079 

— 0982 

—0-350 

+21-019 

+  19-766 

N.  to  S. 

— 0812 

-5-852 

0577 

—13-323 

-20-564 

S.  to  N. 

+0-265 

—5-860 

-0-461 

13223 

—19-279 

N.  to  S. 

— O'90o 

5812 

0495 

— 14016 

—21-283 

S.  to  N. 

—0-364 

-5889 

—0-391 

-14-549 

—21193 

Ihe  length  of  the  section  o"»  to  250'"  derived  from  the  practice  measure  of  September 
1  10,  i^i,  was  50  Bi7  + 6-45n>n». 

'.)  Derivation  of  the  lengths  of  the  kilometre  sections. — As  explained 
ection  3  and  more  fully  in  section  10  below,  the  conditions  which 
lined  daring  the  time  of  the  first  two  measures  of  the  kilometre 
B  very  unfavorable  as  compared  with  those  met  during  the  time  of 
last  two  measures.  In  addition,  it  is  probable  that  the  section 
les  underwent  some  small  though  appreciable  displacements  dur< 
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ing  the  interval  wLich  elapsed  between  the  two  set*  of  measures.  For 
these  reasons  and  others  which  will  appear  below,  it  is  deemed  best 
to  consider  the  two  sets  of  measures  separately. 

Since  the  division  of  the  first  quarter  section  of  the  kOom^tre  into 
two  parts  by  the  100'"  stone  did  not  materiall}'  affect  the  precision  of 
the  sum  of  those  i>arts  relatively  to  the  precisions  of  the  other  quarter 
sections,  we  shall  in  the  first  place  derive  the  lengths  of  the  several 
quarter  sections,  and  consider  the  measures  of  the  100"*  section  subse- 
quently by  themselves. 

As  remarked  in  the  discussion  of  the  measures  of  the  100"  compar 
ator  in  section  6  above,  the  measures  of  the  kilometre  sections  indicate 
a  systematic  difference  depending  on  the  direction  of  measurement.  It 
is  desirable,  therefore,  to  exhibit  the  results  in  such  a  way  as  to  clearly 
bring  out  this  peculiarity.  Accordingly  the  following  statement  is 
derived  from  Table  II,  the  sums  of  the  quantities  therein  being  rounded 
to  the  nearest  hundreth  of  a  millimetre: 

Table  111.— Statement  of  results  of  measures  of  standard  Mlometn. 


[Ffr^t  set,  September  to  to  15, 1891.] 


No.  of 
measures. 

Direction  of 
measure. 

Section  0*  to 
350". 

Section  a5o"» 
to  500*. 

Section  soo" 
to  yyy". 

Section  750* 
to  i,ooo». 

O"-I,000". 

I 
2 

I — 2 

N.  to  S. 
S.  to  N. 

mm. 

+6-35 
+6-52 

017 

1 

mm. 

-S-43 

—4-55 

—0-88 

mm. 
+  1908 
+  19-37 

—  0-29 

mm. 

— 20-56 
—  19-28 

.-.8 

mm. 
—0-56 
4-2-06 

—2-62 

[Second  set,  September  26  to  30,  1891.] 


N.  to  S. 
S.  to  N. 


4-6-97 
+7-07 


10 


—550 
—5-60 

-fO'IO 


4-19-67 
+  1976 

~  0-09 


—21-28 

—0-14 

—  21-19 

-I-0-04 

—   0-09 

— o-i8 

It  is  seen  that  in  seven  out  of  the  eight  independent  cases  presented 
in  this  statement,  the  measure  made  from  north  to  .south  was  less  tlian 
that  made  in  the  reverse  direction ;  and  it  appears  worth  while  to  give 
an  idea  of  the  extent  of  this  discrepancy  before  adducing  what  appears 
to  be  its  cause.  To  this  end,  lot  »i,  Szy  «3,  s^  denote  the  most  probable 
values  of  the  excesses  of  the  measured  lengths  of  the  several  sections 
over  fifty  bar  lengths,  on  the  assumption  that  the  mean  of  a  forw«^nl 
and  backward  measure  of  a  section  is  free  from  svstematic  error;  and 
let  X  denote  the  most  probable  value  of  the  systematic  error  on  the 
8ui)positions  that  it  is  proportional  to  the  distance  niejvsured  and  tliat 
it  changes  sign  with  the  direction  of  measurnient.    Then  a  pair  of 
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69  of  a  section  will  give  a  pair  of  observation  equations  of  the 

«  +  a?  —  ni  =  t?i, 
»  +  x  — «2  =  t?2; 

cli  set  of  measures  of  the  sections  of  the  kilometre  will  give 
quations  of  this  type  containing  five  unknowns,  namely,  Si,  s^j  «3,  ^^4, 
On  the  other  hand,  we  may  entertain  the  simpler  assumption 
i  systematic  error  is  eliminated  in  the  mean  of  a  forward  and 
ird  measure;  in  which  case  the  quantity  x  will  disappear  from 
)ve  observation  equations,  but  the  values  of  the  quantities  s  will 
same  as  before.  The  validity  of  the  quantity  x  will  therefore 
I,  so  far  as  the  purely  observational  evidence  goes,  on  the  effect 
has  in  diminishing  the  residuals  which  result  from  the  simpler 
ition  of  no  systematic  error.  In  order  to  compare  the  two  sys- 
f  residuals  we  shall  give  those  resulting  from  the  suppression 
mgside  and  to  the  right  of  those  resulting  from  the  use  of  a?  in 
^rvation  equations  below. 

rring,  then,  to  Table  III,  the  first  set  of  measures  of  the  sections 
he  following  system  of  equations: 

mm.  mm.  mm. 

^,  -  .r  ~    6-35  =  -  0-24,  +  0-09, 

«,  4.  x  -    6-52  =  +  0-25,  —  0-08, 

s^^  X  +    5-43  =  +  0-11,  +  0-44, 

«,  4.  X  +     4-55  =  -  0-11,  -  0-44, 

8,  -  ,v  ~  1908  =  -  0-19,  +  0-14, 

s,  +  X  -  10-37  =  +  0-18,  -  0-15,      • 

«,  -  a?  4-  2O-50  =  f  0-31,  +  0-64, 

8^  +  X  +  19-28  =  -  0-31,  -  0-G4. 

e  give 

mm,  mm. 

8i  =  +    rr44,         /Ti  =  -    4-99, 
«3  ==  +  19-22,         /<4  =  -  19-02, 

mm, 
a?  =  +  0-33, 

ir  with  the  residuals  in  the  second  members  of  the  observation 
ms. 

aum  of  the  squares  of  the  residuals  in  the  above  system  wherein 
sed  is  0*4050.  Hence  the  probable  error  of  one  equation  is 
"™,  that  of  either  value  of  «  is  ±  0-18™™,  and  that  of  x,  ±  0-09™™. 
sum  of  the  squares  of  the  residuals  resulting  from  the  suppres- 
X  is  1-263.  The  probable  error  of  a  single  equation  is  ±  0'38"»*", 
at  of  either  value  of  «,  ±  0-27'"". 


406  U.  8.  COAST  AND  GEODETIC  SURVEY. 

The  correspondipg  data  of  the  sec^md  set  of  measures  give  the  follow- 
ing system  of  equations  and  values:  1  jr 

mm.   '        mm.        mm. 
^,  -  a:  —    C-97  =:X  0-03,    +  6-05,-  l.^ 

8i  +  X  "    707  =  -  003,    -  005, 
8^  ^  X  +    5-50  =  —  007,    —  005,  §t, 

«2  +  J?  +  5-60  =  4-  007,  +  005, 
«3  -  J?  -  19-67  =  +  0-03,  4-  005, 
s.j-\-  X  --  19-70  =  -  002,  -  004, 
»4  -  JP  +  21-28  =  4-  0-02,  +  0  04, 
8^  +  X  +  2119  =  -  0-03,  —  005, 
mm.  mm. 

8i=i  +    7-02,        «2  =  —    5-55, 
«3  =  4-  19-72,        «4  =  -  21-24, 

mm. 
X  =  +  0-02. 

The  sum  of  the  squares  of  the  residuals  in  the  system  involving  lis 
0-0142.  Hence  the  probable  error  of  one  equation  is  ±  0-046"",  that 
of  either  «  is  ±  0-033™™,  and  that  of  a?  is  i  0-016"".  Suppressing  «,  the 
sum  of  the  squares  of  the  residuals  is  0-0182,  the  probable  error  of  one 
equation  is  ±  0-045*"™  and  the  probable  error  of  either  « is  ±  0-032"". 

(10)  Disctuision  of  results  of  kilometre  measures. — Judging  from  the 
numerical  evidence  as  presented  in  the  preceding  section  it  would 
appear  that  there  was  an  active  cause  of  systematic  error  during  tlie 
time  of  the  first  pair  of  measures  of  the  kilometre,  and  that  this  cause, 
though  present,  produced  very  small  effects  during  the  time  of  the 
second  pair  of  measures.  As  already  stated  in  section  3,  the  groaud 
along  the  kilometre  at  the  time  of  the  first  two  measures  was  very  wet 
and  in  some  places  inundated,  and  in  view  of  the  differences  in  magni- 
tude of  the  discrepancies  (1  —  2)  shown  in  Table  III,  for  the  several 
sections,  it  is  important  to  consider  a  number  of  circumstances  whicb 
were  present  during  the  time  of  the  first  pair  of  measures  but  absent 
during  the  time  of  the  second  pair. 

Those  portions  of  the  kilometre  whereon  the  stability  of  the  micro- 
scopes was  least,  fell  in  the  sections  250'"  to  500"  and  750~  to  1,000". 
Along  about  150'"  of  the  first  of  these  the  ground  was  more  or  less 
under  water  and  very  elastic,  so  that  when  a  length  of  the  portable 
track  was  carried  forward  considerable  vibrations  were  transmitted 
through  the  soil  to  the  microscope  posts.    Along  the  other  section  the 
ground  was  in  general  much  drier,  and  hence  the  i)osts  were  in  gen- 
eral much  stabler.    But  near  the  middle  of  the  section  was  a  low  stretch 
of  about  50"*  where  the  ground  was  wet,  and  where  the  posts  were  set 
to  a  less  depth  than  elsewhere  in  order  to  avoid  steep  gradiients;  so 
that  the  microscopes  had  here  much  less  than  the  average  stability. 
On  recurring  to  Table  III  it  is  seen  that  the  differences  (1  —  2)  for 
these  sections  are  much  larger  than  those  for  the  other  sections^  and  it 
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^  diflScult  to  avoid  the  inference  that  the  lack  of  average  st-ability  of 
^he  microscope  posts  on  these  sections  gave  rise  in  some  way  to  tlie  error 
^^i  question.    A  way  which  naturally  suggests  itself  is  the  following: 

Consider  a  measure  of  the  kilometre  proceeding  from  north  to  south. 
It  vas  the  habit  of  the  microscope  porter  to  stand  on  the  south  side  of 
the  microscope  posts*  when  clamping  the  microscopes  to  them.  He 
thus  turned  the  clamp  screw  which  fell  on  the  east  side  of  any  post 
'^ith  his  right  hand.  If  in  this  operation  he  habitually  pushed  the 
lH>8ts  towards  the  north,  they  would  not  speedily  recover  their  normal 
Positions  when  set  in  wet  or  viscous  soil.  Any  jarring  about  them, 
however,  would  tend  to  hasten  the  recovery  of  their  normal  positions. 
Such  jarring  was  always  caused  by  the  movements  of  the  operatives 
^ith  the  heavy  car  tracks  and  by  the  rolling  of  the  cars  along  the 
tracks.  Under  these  conditions  each  microscope  would  undergo  more 
Or  less  displacement  towards  the  south  after  it  was  used  at. the  front 
^nd  of  the  bar  and  hefore  it  was  used  at  the  rear  end.  This  would  make 
the  measured  value  of  the  distance  too  small.  On  the  other  hand*, 
When  the  measure  proceeded  in  the  opposite  direction,  the  x)orter  stood 
On  the  same  side  of  the  posts  a«  before  stated  in  fastening  the  micro- 
Beopes,  and  hence  their  displacements  would  still  be  towards  the  south. 
The  measured  value  of  the  distance  would  thus  be,  in  this  case,  too 
great. 

This  hypothesis  explains  all  the  discrepancies  between  the  forward 
and  backward  measures  of  the  kilometre  as  well  as  those  of  the  com- 
I>arator  measures  of  October  2  and  6,  to  which  attention  is  called  in 
Rection  6  above;  for  in  the  measures  of  the  comparator  on  the  two 
latter  dates  the  porter  who  moved  and  clamped  the  microscopes  was 
the  one  who  handled  them  in  all  the  kilometre  measures,  and  it  is 
practically  certain  that  whatever  habit  he  followed  in  the  latter  work 
was  adhered  to  in  the  former.* 

In  the  light  of  this  hypothesis  the  larger  values  of  the  discrepan- 
cies developed  in  the  measures  of  the  kilometre  sections  on  wet  and 
plastic  ground,  and  the  practical  disappearance  of  such  discrepancies 
in  the  second  set  of  measures  made  when  the  ground  was  dry  and  the     . 
micro8COi)es  very  stable,  are  easily  understood. 

In  view  of  all  the  evidence,  the  explanation  just  given  is  regarded 
as  the  most  plausible  one  assignable  for  the  systematic  error  in  ques- 
tion. But  there  are  some  other  circumstances  affecting  the  first  two 
measures  of  the  south  half  of  the  kilometre  which  are  worthy  of  men- 
tion. In  the  first  measure  of  the  section  500"  to  750"*  one  stop  was 
made  and  the  measure  transferred  for  a  half  hour  to  a  cut-off  plate, 
while  some  posts  which  had  been  slightly  misplaced  were  put  in  proper 
position.    In  the  first  measure  of  the  section  750™  to  1,000™  a  stop  was 

*  During  the  earlier  measures  of  the  comparator  the  microscopes  were  handled  by 
mother  porter  whose  habit,  unfortunately,  was  not  observed. 
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made  by  rejisoii  of  a  shower  of  rain.  This  delay  brought  us  to  the 
end  of  the  section  after  nightfall,  and  a  still  farther  delay  was  caused 
at  that  end  by  a  maladjustment  of  the  terminal  micro8co))e  post  with 
reference  to  the  cut  off  sphere.  Lamps  for  illuminating  the  micro- 
scopes were  at  hand,  so  that  no  difficulty  on  this  score  resulted,  but 
during  the  delay  in  the  last  instance  dependence  had  to  be  placed  on 
the  stability  of  the  microscopes.  Although  great  care  was  taken  in 
all  these  cases  to  avoid  the  introduction  of  error,  the  opportunities  for 
its  occurrence  were,  of  course,  greater  than  when  no  delay  took  place. 
During  the  reverse  or  second  measure  of  this  section  the  rear  micro- 
scope was  set  forward  or  backward  five  times, by  means  of  its  slide 
rest  in  order  to  bring  the  forward  microscope  within  reach  of  tbecnd 
of  the  bar.  This  method  of  shifting  the  microscopes  was  also  i:e^rt4»d 
to  three  times  during  the  second  measure  of  the  section  500"  to  750".* 
These  displacements  were  measured  with  a  millimetre  scale,  and  it  is 
possible,  though  I  deem  it  very  improbable,  that  some  formidable  error 
was  introduced  thereby.  Finally,  a  fear  was  entertained  that  some 
displacement  of  the  cut-off  sphere  at  the  750'"  stone  took  place  daring 
the  interval  of  two  days  which  elapsed  between  the  first  two  measures 
of  the  south  half  of  the  kilometre.  The  basis  of  this  fear  lay  in  the 
fact  that  by  accident  or  design  on  the  part  of  some  one  unconnected 
with  the  work  a  heavy  block  of  wood  used  as  a  cover  to  the  stoue  was 
allowed  to  fall  on  the  cap  of  the  cut-off  sphere.  The  cap  was  thus 
driven  on  the  sphere  so  tightly  that  considerable  force  was  requisite 
to  remove  it;  and  it  is  possible,  though  not  very  probable,  that  this 
double  disturbance  produced  some  displacement. 

With  regard  to  the  circumstances  attending  the  second  pair  of 
measures  of  the  kilometre,  it^  should  be  said  that  they  were  in  ncArly 
every  way  more  favorable  than  those  attending  the  first  pair.   The 
ground  along  the  line  had  become  dry  and  firm;  the  intermediate  sec- 
tion stones  had  had  time  to  settle  and  to  become  hard ;  all  of  the  diffi- 
culties in  the  use  of  the  apparatus  had  become  familiar  to  the  observ- 
ers, and  the  measurements  proceeded  without  a  single  unexpected 
stop  or  delay.    During  the  course  of  these  measures  several  tests  \vere 
made  of  the  stability  of  the  microscope  posts  as  affects  by  the  near 
ness  of  the  operatives  to  them.    It  was  found  that  no  appreciable  mo- 
tion of  the  microscopes  occurred  unless  the  operatives  approac*hed 
much  closer  to  the  posts  than  was  permitted  in  the  actual  work.    In  a 
trial  made  on  one  of  the  least  stable  portions  of  the  line,  the  presence 
of  five  men  alongside  the  Y-trough  produced  no  displacements  of  the 
microscopes  at  the  ends  of  the  bar  so  long  as  the  man  nearest  to  a  post 

*•  In  no  other  cases  was  this  qnestionahle  method  of  shifting  the  microscopes  re- 
R<»rted  to.  It  should  be  said,  in  fact,  that  the  experience  gained  during  the  first 
two  measures  of  the  kilometre  enabled  us  to  avoid  not  only  this  difficulty,  bat 
otlier  difficulties  which,  while  they  may  not  have  vitiat«*d  the  work  peroeptiblyf 
caused  more  or  less  delay  and  voxatiou. 
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:  two  decimetres.  It  is  believed,  tben,  that  the  microscope 
very  stable  during  these  measures,  although  it  api)ears  not 
that  they  underwent  slight  displacements  due  to  the  pres- 
i  in  clamping  the  microscopes  to  them. 
IS  to  consider  briefly  the  question  whether  we  can  safely 
t  the  terminal  and  section  marks  of  the  kilometre  main- 
stant  relative  })ositions.  Assuming  that  the  systematic 
\  eliminated  in  the  mean  of  a  forward  and  backward  me^%- 
^  of  the  stability  of  the  end  and  section  marks  may  be 
1  Table  III  by  computing  the  difterences  between  the  mean 
the  several  sections  resulting  from  the  first  pair  and  second 
ksures.  Thus  we  have: 
irst  pair  minuji  mean  of  second  pair  of  measures  for — 

m,  m,          mm. 

Section      0  to  250,  =  -  0*58 

250  500,  =  +  0-50, 

500  750,  =  —  0-50, 

750  1000,  =  4- 1-32. 

ures  indicate  considerable  movements  of  the  marking  stones* 
as  not  improbable  that  movements  of  such  magnitude  did 
cur,  since  the  stones  rose  to  the  surface  of  the  ground  and 
re  in  the  ground  varied  from  the  extreme  of  saturation  to 
3  of  dryness  during  the  interval  of  fifteen  days  which  elapsed 
e  two  sets  of  measures.  It  will  be  seen  also,  from  these  fig- 
%  movement  towards  the  south  of  0-5»"»"  of  the  first  section 
1  account  for  the  discrepancies  presented  by  the  measures  of 

0  sections.  This  stone,  set  originally  in  ground  saturated 
,  is  perhaps  more  likely  to  have  moved  than  the  other  two. 
t  is  inferred  that  the  stone  at  750™  is  more  likely  to  have 

1  those  adjacent  to  it,  although  its  movement  alone  would 
)ciable  outstanding  discrepancies. 

al  evidence  of  relative  motions  of  the  marking  stones  is 
r  the  measures  of  the  100'"  section  of  the  kilometre  at  its 
Thus  we  have  from  Table  II  the  following  values  for  the 
ixcesses  of  that  section  over  twenty  bar  lengths: 

mm. 
Sept.  15, 1891,  N.  to  S.,  excess  =  -  5-88, 
Sept.  15,  1891,  S.  to  N.,  excess  =  —  5-81, 

Mean  excess  =  —  ^'H^. 

Sept.  26, 1891,  N.  to  S.,  excess  =  -  5-47, 
Sept.  30, 1891,  S.  to  N.,  excess  =  -  5-00, 

Mean  excess  =  —  5'53. 

first  pair  of  measures  minm  mean  of  second  pair  =  —  0*28  "^™ 
f  so  far  as  it  goes,  agrees  with  the  first  of  those  given  above 
ig  a  movement  of  the  terminal  stone  towards  the  north. 
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From  th§  evidence  just  submitted,  together  with  that  furnished  by 
the  measures  of  the  100">  comparator,  aud  from  an  intimate  knowledge 
of  the  conditions  attending  the  work,  it  is  impossible  to  doubt  that  we 
were  dealing  to  a  quite  'appreciable  extent  with  tustual  movements  of 
the  marking  stones.  For  this  reason  it  would  seem  essential  to  the 
highest  precision  in  measures  with  the  iced-bar  apparatus  to  plaee  the 
marking  stones  well  under  ground  aud  to  give  them  plenty  of  time  for 
settlement  before  using  them. 

(11)  Probable  errors  of  the  kilometre  measures. — ^From  the  data  and 
discussion  given  in  the  preceding  sections,  it  appears  that  tbe  errors 
affecting  the  kilometre  measures  as  expressed  in  terms  of  £,;  are  of 
three  kinds,  namely:  First,  error  of  operation  of  the  accidental  class; 
second,  error  of  operation  of  the  systematic  class;  and  third,  error  aris- 
ing from  motions  of  the  marking  stones,  which  latter  may  be  assumed 
to  be  of  the  accidental  sort 

In  the  case  of  the  first  two  measures  of  the  kilometre  it  would  seem 
that  the  systematic  error  surpassed  by  far  the  resultant  of  the  other 
two.  In  the  case  of  the  last  two  measures  the  systematic  error,  though 
probably  still  the  controlling  one,  was  very  small  and  to  some  extent 
concealed  by  the  resultant  of  the  other  two.  It  would  seem  quite  safe 
then  to  deduce  the  probable  error  due  to  the  accidental  errors  of  opera- 
tion from  the  second  set  of  measures  on  the  supposition  that  the  two 
other  sources  of  error  were  inoperative,  since  the  value  thus  reached 
will  be  too  large.  No  such  limiting  value,  however,  can  be  assigned 
for  either  of  the  probable  errors  due  to  the  other  sources,  since  the 
uneliminated  portion  of  the  systematic  error  is  entangled  with  the  erro^ 
due  to  stone  movements. 

Recurring  to  the  second  system  of  equations  and  values  given  in 
section  9,  it  is  seen  that  the  probable  error  of  a  single  measure  of  a  sec- 
tion (of  250"  length)  is  =t  0*045™'";  and  this  is  the  upper  limiting  value 
for  the  probable  error  of  operation  when  the  apparatus  is  used  on  stable 
ground.  From  this  it  follows  that  the  corresponding  probable  error 
for  one  measure  of  a  kilometre  is  ±  0'09°"". 

It  is  of  interest  to  compare  this  with  the  value  deducible  from  the 
measures  of  the  100™  comparator,  where  the  conditions  were  essentially 
the  same  as  those  which  obtained  during  the  second  set  of  measures  of 
the  kilometre.  Referring  to  section  5,  we  have  ±  0«036™"  and  ±  0«061"" 
as  the  probable  errors  of  a  single  measure  of  100»»  without  exchange  of 
observers  to  eliminate  personal  equation.    Taking  the  average  of  these 

two  values,  dividing  it  by  \/2  to  allow  for  exchange  of  observers,  and 
multiplying  the  quotient  by  \/10,  we  have  for  the  probable  error  of  one 
measiire  of  a  kilometre,  as  inferred  from  the  comparator  work,  i  O-ll"*", 
which  agrees  well  with  the  value  just  given  above. 

It  is  clear  from  these  figures  that,  with  stable  microscopes  and  with 
stable  section  marks,  the  error  of  measurement  may  be  rendered  quite 
insignificant  in  comparison  with  that  of  the  length  of  the  measuring  bar. 
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(12)  Adopted  lengths  and  probable  errors  of  tJte  kilometre  sections  and 
Icilometre. — In  deriving  final  values  for  the  lengths  of  the  sections  and 
for  the  whole  kilometre,  we  should  deal  only  with  the  means  of  the  for- 
ward and  backward  measures,  since  in  these  means  the  systematic 
error  is  partly,  if  not  largely,  eliminated.  The  lengths  in  question 
should  appertain  to  an  epoch  falling  nearer  to  the  epoch  of  the  second 
set  than  to  that  of  the  first  set  of  measures  of  the  kilometre,  since  it 
was  used  from  September  8  to  October  8, 1891,  as  a  standard  in  testing 
the  behavior  of  the  100™  steel  tapes  aud  the  secondary  apparatus.  What- 
ever lengths  we  derive  will  be  affected  by  the  changes  which  took  place  in 
the  relative  positions  of  the  marking  stones.  It  is  beheved  that  these 
changes  were  considerable  in  comparison  with  the  actual  errors  of 
measurement  affecting  the  mean  results  in  either  set  of  measures.  In 
view  of  these  considerations,  it  is  deemed  best  to  assign  double  weight 
to  the  mean  results  of  the  second  set  of  measures,  and  compute  probable 
errors  for  the  weighted  mean  values  of  the  sections  accordingly. 

In  conformity  with  this  plan,  then,  the  mean  values  given  in  Table 
in,  or  in  section  9,  furnish  the  following  system  of  observation  equa- 
tions and  values,  «i,  ^2,  s^,  «4,  being,  as  in  section  9,  th6  most  probable 
values  of  the  excesses  of  the  sections  over  50 B,^: 


tntn,               ffim. 

Weiijhta. 

Si  -    6-44  =  +  0-39, 

1, 

Si  -    702  =  -     19, 

2, 

«2-f    4-99=—    -37, 

1, 

Si  +    5-55  =  +    -19, 

*> 

«3- 19-22=+    -33, 

1, 

«.,- 19-72  =.  -    -17, 

2, 

«4  + 19-92  =  -    -88, 

1, 

»4  + 21-24 -+    -44, 

2. 

mm. 

mm. 

Si=  -{■    6-83,    «t=- 

5-37, 

«3  —  +  19-55,    «4  =  — 

20-80. 

The  sum  of  the  weighted  squares  of  the  residuals  in  this  system  of 
equations  is  1-76.  Hence  the  probable  error  of  one  equation  of  weight 
lis  ±0-46™"*  and  that  of  either  s  is  ±0-26""».  Thus  it  appears  that 
when  the  movements  of  the  marking  stones  are  included  with  the 
errors  of  operation,  the  probable  error  of  our  adopted  values  for  the 
quarter  sections  of  the  kilometre  amounts  to  the  millionth  part  of  their 
length. 

If  it  were  proper  to  infer  the  probable  error  of  the  whole  kilome- 
tre or  («i  +  «2  +  «3  4- «4),  from  the  above  calculation,  we  should  find 
^ 0.45mm  X  §  V3^±  0  52*"°.  But  this  is  manifestly  too  large  if  the 
measured  values  of  the  whole  length  of  the  kilometre  are  free  to  any 
extent  from  the  effects  of  the  motions  of  the  intermediate  marking 
stones.    The  mean  values  of  the  excesses  of  the  kilometre  over  200J?i; 


412  U.  8.  COAST  AND  GEODETIC  SURVEY. 

for  the  two  pairs  of  measures  are  as  seen  from  Table  III,  section  9^ 
+  0-75'"™  and  —0-05'"".  Giving  the  second  of  these  doable  weighty 
their  weighted  mean  is  +  0'22™™  ±  0*26"*".  The  probable  error  is  bere 
only  half  that  given  aboVe,  and  thus  confirms  the  supposition  tliat  the 
values  for  the  whole  kilometre  are  not  to  any  considerable  extent 
ajfected  by  the  movements  of  the  intermediate  marking  stones. 

For  the  whole  length  of  the  kilometre  we  shall  adopt  the  value  just 
derived.    This  length  is 

200^,7 -f  0-22™"' ±  0-26™". 

The  values  of  the  quarter  sections  of  the  kilometres  are  not  needed, 
but  the  halves  of  the  line  were  used  in  testing  tlie  secondary  apparatus. 
Deriving  the  lengths  of  these  halves  and  their  probable  errors  by  the 
method  just  applied  in  getting  the  entire  line,  we  find  the 

North  half  =  100^,;  +  l-46"»™  ±  O-IO"". 
South  half  =  100/?,,  -  1-25      ±  0-19. 

It  remains  now  to  combine  the  probable  error  of  Bn  with  thei)roba 
ble  errors  attached  to  the  above  values  in  order  to  get  their  total  proba 
ble  errors  when  expressed  in  metres.  The  probable  error  of  J^n  for  A 
end  right,  as  given  in  Chapter  II,  section  23,  is  il'S",  and  hence  tlie 
probable  errors  of  100B,7  and  200^,,  are  iO-lS'""  and  iO-26'"™,  respect- 
ively. Finally,  therefore,  we  have  for  the  lengths  of  the  kilometre  and 
its  halves,  when  expressed' in  terms  of  the  International  Metre, 

Whole  kilometre  =  200B,j  +  0-22'»™  ±  0-37°»™, 
North  half  =  IOOjB,;  +  1-46      ±  0-23, 
South  half  =:  100^,,  -  1-25      i  0-23, 
^,,  =  5"»  -  18•0^ 

(13)  Adopted  lengths  and  probable  error  of  100^  section. — ^The  100" 
section  at  the  north  end  of  the  kilometre  was  used  in  some  experiments 
with  the  secondary  bars,  and  it  is  important  to  adopt  some  lengths  for 
it.  Snice  the  dates  of  use  of  this  section  did  not  correspond  with  tbe 
dates  of  its  measurement  with  the  iced  bar,  it  seems  best  to  adopt  a 
mean  length  from  each  set  of  measures.  Then  for  any  date  of  use  of 
the  section  a  value  for  its  length  may  be  interpolated,  assuming  tbat 
the  relative  positions  of  the  marking  stones  changed  proi)ortionally 
with  the  time.    Thus  we  have  from  Table  II,  section  8, 

Mean  length  100"'  section — 

September  15, 1891,  =  205,.  -  5-84»""  ±  0-04"«», 
September  28,  1891,  =  20ii,;  ~  5-53      ±  0-04. 

Introducing  the  probable  error  of  ^i^  we  have  finally,  for  the  lengtbs 
of  this  section  when  expressed  in  metres 

-      September  15, 1891, 100™  section  =  20J?,.  —  5-84"»™  dL  0-05™", 
September  15, 1891,  100"'  section  =  20  B,,  -  5-53      ±  0-05, 

Byj  =  5"'  -  ISO'*. 
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chapter  iv. 

The  Metallic  Tape  Base  Apparatus. 

A. — description  op  apparatus  and  its  use. 

(I)  Historical  note. — The  iavestigatioii  of  the  pra<;ticability  of  using 
long  metallic  tapes  for  measuring  Hues  of  precision  was  taken  up  by 
the  Coast  and  Geodetic  Survey  in  the  autumn  of  1890.  This  work  was 
^^igned  to  the  writer,  who  devised  the  apparatus  and  methods  described 
herein. 

During  the  winter  of  1890  and  1891  a  great  number  of  experiments 
'Were  made  with  a  view  to  determine  the  best  method  of  stretching  and 
aligning  a  tape,  and  especially  with  a  view  to  discovering  the  most 
effective  way  of  getting  the  tai>e's  temperature.  For  this  purpose  a 
100"  comparator  was  set  up  in  the  Botanical  Garden  at  Washington, 
1).  C.  This  comparator  consisted  simply  of  a  series  of  e<iuidistant 
stakes,  10""  apart,  bearing  support  nails  for  the  tape,  and  a  post  at 
sillier  end,  on  which  were  attached  scales  for  defining  the  tape's  posi- 
tion at  any  time.  In  addition,  a  large  number  of  laboratory  experi- 
ments were  made  with  various  thermometers  to  determine  their  sen- 
sitivities under  differing  conditions.  This  preliminary  work  served  to 
fix  attention  on  most  of  the  points  essential  to  the  use  of  tapes  in  pre- 
cise work. 

During  the  spring  of  1891  the  apparatus  as  herein  described  was 
constructed  by  D.  Ballauf  of  Washington,  D.  C,  and  by  the  Instrument 
Division  of  the  Survey,  and  in  July  following,  the  apparatus  was  taken 
to  Holton  Base,  where  the  long  tapes  were  standardized  on  the  100"* 
comparator  described  in  section  2  of  Chapter  III.  The  tapes  were  in 
turn  used  to  measure  Holton  Base  during  the  same  summer.  The  live 
sections  of  this  base  (of  5  500'")  were  measured  from  six  to  thirty  times 
each  under  various  circumstances  as  to  temperature,  time  of  day,  etc., 
an(l  the  behavior  of  the  tapes  was  well  shown  by  the  measures  of  the 
kilometre  section  which  was  standardized  by  means  of  the  iced  bar 
apparatus  as  explained  in  Chapter  III.  In  the  following  year,  namely, 
October,  1892,  another  base  (of  3  000"^)  at  Bt  Albans,  W.  Va.,  was 
me^isured. 

Mercurial  thermometers  were  used  in  all  these  mea:«ures  to  determine 
the  temi)craturo  of  the  tjij)e.  An  attemi>t  was  made  in  1891  to  use  a 
bronze  tape  in  connection  witli  tlie  steel  ones  for  temperature  indica- 
tions, but  the  bronze  ta[)e  was  fonnd  to  have  ton  low  a  rate  of  expan- 
sion for  successful  competition  with  niciTUiial  thermometers.     The 
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feasibility  of  stretching  two  tapes  simultaneously  was  demonstrated, 
however,  and  if  a  suitable  metal  for  use  with  steel  can  be  found  it  may 
prove  advantageous  to  discard  the  mercurial  thermometers. 

In  all  this  work,  save  that  pertaining  to  St.  Albans  base,  very  efficient 
service  was  rendered  by  Mr.  J.  8.  Siebert,  who  made  most  of  the  work- 
ing drawings  for  the  construction  of  the  apparatus  and  who  partici- 


pated equally  in  the  large  amount  of  observation  and  computati 
entailed. 

(2)  The  100"^  eape«.— These  tapes  are  of  steel.  They  are  101'01«  loi 
and  are  6-34"»»  by  047'"'"  in  cross  section.  They  weigh  22-3  gramn 
per  metre  of  length.  They  are  subdivided  into  20"  spaces  by  gradi 
tious  ruled  on  the  surface  of  the  tape  itself.  Being  101*01™  long,  \ 
end  graduations  fall  about  O-o'"  from  the  tape  ends,  which  terminate 
loops  formed  by  annealing  and  riveting  the  tape  back  on  itself.    1 
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rface  of  the  tape,  where  it  is  not  polished  to  receive  the  graduations, 
ofa  dull  black  color.  When  not  in  use  the  tapes  are  rolled  upon 
els,  and  they  may  be  thus  transported  with  ease  and  safety. 
(3)  The  tape-stretchers. — ^The  nature  of  the  tape-stretchers  used  to  give 
Qsion  and  alignment  to  the  tape  may  be  best  understood  by  a  glance 
the  cut  on  page  414.  They  consist  of  a  lever  hinged  by  a  universal 
Qt  to  a  platform  on  which  the  operator  stands.  This  lever  is  made 
ft  piece  of  steel  tubing  terminating  in  a  hickory  handle.  Along  the 
per  two-thirds  of  the  tube  is  cut  a  screw  thread  on  which  a  wheel 
t  plays  freely.  This  nut  gives  a  vertical  motion  to  a  gimbal-jointed 
>IX)rt  to  which  a  spring  balance  is  attached.  The  balance  is  cou- 
nted with  the  tape  by  means  of  a  short  piece  of  sash  chain.  It  is 
dent  from  the  figure  that  the  stretcher  has  all  the  motions  necessary 
mable  the  operator  to  align  the  tape  and  to  give  it  the  proper  tension. 
?he  balance,  which  is  simply  a  commercial  article  adapted  to  the 
"pose,  reads  to  ounces,  and  may  be  easily  held  to  the  nearest  ounce 
the  operator. 

Ln  important  iteiil  for  the  safety  of  the  tape  used  is  a  breaking  link, 
^  link  which  will  part  under  a  tension  of  about  14  kilogrammes  or 
pounds.  A  link  of  this  sort  is  provided  at  each  end  of  the  tape,  so 
.t  it  can  not  be  overstrained  by  accident. 

t  will  be  noticed  that  the  balance  carries  two  hooks.  The  extra 
lik,  which  is  attached  to  the  balance  frame,  was  intended  to  carry 
)  additional  tape  in  case  it  proved  advantageous  to  use  tapes  of  dif- 
ent  metals  simultaneously.  This  plan  of  stretching  two  tapes 
rked  very  satisfactorily,  the  tension  of  the  steel  tape  being  given 
one  balance  and  that  of  the  bronze  by  the  other;  but,  for  the  rea- 
1  stated  above,  this  plan  was  followed  only  in  making  a  few  of  the 
)e  comparisons  mentioned  below.  The  extra  hook,  it  may  be  state<l, 
provided  with  a  longitudinal  screw  motion,  so  that  by  means  of  this 
i  the  links  of  the  connecting  chains  the  tapes  may  be  always  brought 
the  proper  tension,  whatever  their  temperature, 
^hen  a  single  tape  is  used,  the  rear  end  is  attached  to  the  extra 
)k  of  the  rear  end  balance,  while  the  desired  tension  is  given  by  the 
lance  at  the  front  end  of  the  tape. 

\ji  objection  to  this  form  of  stretcher  lies  in  its  weight,  which  is 
nit  45  pounds.  Contemplated  improvements  will  lighten  it  by 
'eral  pounds  and  bring  the  balance  to  a  position  concentric  with  the 
er  shaft.  Experience  has  shown,  however,  that  an  able-bodied 
)rator  can  handle  the  stretcher  successfully  when  measuring  at  the 
e  of  2  kilometres  per  hour.  During  the  measurement  of  St.  Albans 
je,  in  1892,  8  kilometres  were  measured  on  one  occasion  between 
10  p.  m.  and  midnight  without  excessive  fatigue  to  the  operators. 
4)  TJie  thermometers. — ^The  thermometers  used  are  of  the  Centigrade 
KJ  and  are  graduated  on  their  stems  to  half  degrees.    They  were 
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made  by  (Tieen,  of  New  York.  They  were  origiually  mounted  on  brass 
scales.  The  preliminary  experiments  showed  that  the  mass  of  the^e 
scales  caused  the  thermometers  to  lag  very  considerably  with  resivect 
to  the  tape  temperature.  Hence  the  scales  were  removed,  and  light 
wire  loops  wei*e  attached  to  the  u])per  ends  of  the  stems,  so  that  the 
thermometers  could  be  suspended  by  a  cord  and  thus  isolated  from 
adjacent  masses  or  whirled  in  the  air  when  necessary.  Experiments 
also  showed  these  thermometers  to  be  slightly  more  sensitive  when 
the  bulbs  were  covered  with  sheaths  of  blackened  aluminum  foil, 
though  this  increase,  if  real,  is  probably  unimportant.  DuriBg  the 
measurement  of  St.  Albans  base,  in  1892,  the  aluminum  sheaths  were 
replaced  by  steel  sheaths,  made  by  coiling  and  annealing  very  thin 
steel  tape  into  lengths  just  long  enough  to  slip  over  the  bulbs  and 
clasp  the  thermometer  stems.  These  are  undoubtedly  superior  to  the 
aluminum  sheaths  in  simulating  the  surface  of  the  tape,  but  they  are 
of  somewhat  greater  mass  than  the  aluminum  sheaths  and  cause  more 
lag  of  the  thermometers  with  respect  to  the  tape.  In  any  case,  it 
seems  desirable  to  blacken  the  bulbs  of  thermometers  used  with  steel 
tapes  presenting  a  blackened  surface. 

A  great  number  of  experiments,  made  in  the  Botanical  Qardeu  dur- 
ing the  winter  of  1890-'91,  showed  that  with  the  thermometers 
arranged  as  just  described  (i.  e.,  with  aluminum  sheaths)  they  followe^^ 
the  tape  temperature  without  serious  lagging  w^hen  observations  were 
made  under  a  clear  sky  at  night. 

Subsequent  experience  in  determining  the  tape  lengths  on  the  lOO**" 
comparator  of  Holton  Base  showed  a  very  satisfactory  accordance  c^ 
the  tape  and  thermometer  temperatures,  whether  observations  wer^^ 
made  during  the  day  or  night.    This  comparator  was  covered,  howeve^^' 
except  on  its  north  side,  by  a  shed  which  screened  the  tape  from  tb^^^ 
direct  rays  of  the  sun.  •    ^ 

Sometimes  three  of  the  thermometers  were  used' with  the  t-ape,  ani^^ 
at  other  times  two.    When  three  were  used,  they  were  placed  one  at 
the  middle  of  the  tape's  length  and  one  at  one-sixth  that  length  from 
either  end.    When  two  were  used  they  were  generally  placed  at  one- 
fourth  the  tape's  length  from  its  ends,  respectively.    For  the  most  pre- 
cise work,  as  in  comparisons  for  determining  the  tape  lengths,  the  three 
thermometers  were  each  read  twice,  once  just  before  and  once  just  after 
the  observations  on  the  tape.    The  mean  of  the  six  thermometer  read- 
ings thus  made  ga\e  the  tape's  temperature  with  a  probable  error  of 
about  ±0*2°  C,  equivalent  to  sDoVffiy  P^rt  of  the  tape  length,  when 
observations  were  made  at  night  or  under  the  comparator  8he<l. 

(5)  Method  of  Hupporting  and  marling poHition  of  t^ipe. — ^Wheu  in  use 
for  measuring  a  line  the  taye  is  supported  at  e<iual  intervals  of  10"'  or 
20"'  throughout  its  length.  The  sui)ports  found  most  couvenieut  and 
amply  sufiiciciit  are  steel  wire  nails  driven  into  sUikes  set  at  theproi>er 
intervals  along  the  line.    These  nails  are  ranged  into  a  straight  line  for 
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any  tape  length  by  means  of  a  small  theodolite  whose  telescope  axis 
may  be  brought  to  the  right  height  at  one  end  of  that  tape  length. 

The  ends  of  the  tape  are  supported  by  the  tape  stretchers,  by  means 
of  which  the  tape  is  aligned  over  the  marking  stakes.  The  latter  are 
stakes  of  scantling  cut  off  or  driven  down  to  the  proper  height  .and 
capped  with  a  small  table,  on  which  a  plate  of  zinc  is  held  in  place  by 
*  light  nails.  These  tables  and  plates  are  rectangular,  5*"»  by  20<^",  say, 
and  the  longer  sides  are  placed  parallel  to  the  line.  On  the  plates  the 
position  of  the  forward-end  graduation  of  the  tape  is  marked  as  the 
measure  progresses  by  means  of  a  sharp  brad-awl  held  against  the  edge 
of  a  small  try-square,  which  is  aligned  against  the  longer  edge  of  the 
marking  plate.  The  rearend  graduation  of  the  tape  is  in  turn  brought 
into  coincidence  with  the  successive  marks  on  the  zinc  plates.* 

(6)  Operation  of  measurement. — The  marking  and  support  stakes  for 

the  measurement  of  a  line  are  most  advantageously  ranged  out  and 

i^djnsted  beforehand.    This  is  especially  essential  for  work  of  the  highest 

precision  carried  on  at  night.    Assuming  this  to  have  been  done,  and 

t;liat  night  work  is  contemplated,  the  operation  of  measurement,  if  car- 

ined  on  rapidly,  will  require  twelve  men,  to  wit,  two  observers  of  the 

t^pe,  one  at  the  front  and  one  at  the  rear  end ;  two  observers  of  ther- 

^Kftometers,  who  also  help  to  carry  the  tape  forward;  one  recorder;  two 

^^perators  of  the  stretchers;  five  men  to  handle  lamps  and  to  carry  the 

"fcape  forward. 

The  co-operation  of  the  observers  and  other  operatives  is  secured  by 
Paeans  of  a  code  of  signals  made  with  whistles  held  by  the  observers, 
"^hus,  when  the  observer  at  the  rear  end  of  the  tape  is  ready  to  have 
the  tension  applied,  he  gives  one  blast  of  his  whistle.    The  stretcher 
^t  the  front  end  immediately  brings  his  balance  to  ther  proper  reading, 
^hen  the  observer  at  that  end  announces  the  fact  with  one  blast  of  his 
whistle.    With  the  tape  under  tension  the  rear-end  observer  adjusts 
the  rear-end  graduation  of  the  tape  to  coincidence  with  the  defining 
mark  on  the  zinc  plate  at  that  end.    When  this  is  accomplished  he 
gives  two  blasts  from  his  whistle.    On  hearing  these,  the  recorder, 
who  stands  at  the  middle  of  the  tape  length,  immediately  lifts  the  tape 
a  few  centimetres  from  the  support  nail  near  him  and  lets  it  fall  back. 
The  effect  of  this  is  to  make  the  tape  straight  and  relieve  it  from  fric- 
tion on  the  support  nails.    When  the  vibration  of  the  tape  ceases  the 
rear  observer  gives  one  blast,  which  signifies  that  the  position  of  the 
front  end  of  the  tape  may  be  marked  on  the  zinc  plate.    The  mark  is 
made  by  the  front-end  observer,  who,  on  completing  the  oi)eration, 
gives  one  blast  from  his  whistle.    Then  the  thermometer  readings, 
which  are  observed  while  the  mark  is  n^ade,  are  called  out  to  and 


*  Tbe  use  of  such  platcH  waa  introduced  in,  1885  by  Mr.  0.  B.  Wbeeler,  assistant 
engineer,  Missouri  River  Commission., 
S.  Ex,  37—27 
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repeated  by  the  recorder.    Finally,  the  rear  observer  soands  two  Waste 

from  his  whistle  and  the  tape  and  tape  stretchers  are  carried  forward 
to  a  new  position.. 

The  speed  attained  in  this  process' has  been  about  2  kilometres  per 
hour,  though  a  single  kilometre  has  been  measured  in  twenty  minutes. 

By  reason  of  the  expansion  and  contraction  of  the  tape,  it  is  fre- 
quently, desirable  to  set  the  tape  back  or  forward  by  a  round  number 
of  centimetres.  This  maybe  done  on  the  zinc  plates  by  means  of  a 
suitable  pocket  scale.  Such  displacements  are  recorded  as  ^^  setbacks" 
and  ^'set-ups."  Their  amount  is  engraved  on  the  plates,  which  may 
be  appealed  to  if  any  doubt  arise  concerning  the  record.  Wlien  "set- 
backs" or  ^^ set-ups"  are  made,  and  when  more  than  one  measure  is 
recorded  on  the  plates,  it  is  advantageous  to  numbei*,  orient,  and  date 
them  for  filing  as  part  of  the  records. 

B. — ^DETERMINATION  OF  EQUATIONS  OP  TAPES. 

(7)  Apparatus  for  observing  lengths  of  tapes. — ^It  is  obviously  necessary 
to  the  successful  use  of  long  tapes  in  measuring  lines  of  precision  to 
provide  suitable  means  for  observing  the  tape  lengths  at  different  tem- 
peratures. Such  data  for  any  tape  give  its  length  at  some  assumed 
temperature  and  its  rate  of  expansion,  and  thus  enable  us  to  write  an 
equation  from  which  the  length  at  any  observed  temperature  can  be 
computed.  In  order  to  meet  this  requirement  in  a  way  which  would 
leave  least  room  for  doubt  concerning  the  actual  behavior  of  the  tapes, 
the  100""  comparator  described  in  section  2,  Chapter  iii,  was  devised. 
The  features  essential  to  a  study  of  the  tapes  embodied  by  the  com- 
parator were,  1st,  that  its  length  could  be  determined  by  means  of 
the  iced  bar  apparatus  with  a  precision  superior  to  that  attainable  witb 
the  tapes;  2d,  that  the  tape  could  be  stretched  and  aligned  ontbe 
comparator  in  precisely  the  same  way  as  when  used  in  the  field;  and 
3d,  that  the  tape  length  at  any  time  could  be  quickly  and  accurately 
referred  to  that  of  the  comparator. 

As  explained  in  section  2,  Chapter  ni,  the  ends  of  the  comparator 
were  marked  by  spherical-headed  bolts,  or  cutoff  spheres.    The  end 
marks  or  graduations  of  a  tape  when  under  comparison  were  observed 
by  means  of  micrometer  microscopes  mounted  over  the  cut-off  spheres 
as  when  used  in  measuring  the  length  of  the  comparator  with  the  iced 
bai*  apparatus.    The  positions  of  the  tape  ends  could  thus  be  accurately 
referred  to  the  cut  off  spheres  through  the  medium  of  the  cut-off  cylin- 
ders described  in  section  8,  Chapter  i. 

The  tape  stretchers  were  mounted  on  the  stationary  car  track  of  the 
comparator,  and  by  means  of  their  vertical  adjusting  screws  the  gradu- 
ated surfaces  of  the  tape  could  be  easily  brought  to  focus  wider  the 
microscopes. 

The  tapes  were  supported  at  intervals  of  l6°*  on  wire  rods  attached 
to  the  alternate  microscope  posts  of  the  comparator;  and  the  method 
of  handling  the  tape  was  in  every  way  similar  to  that  followed  in  field 


REPORT   FOR   1892 — PART   II.  419 

Determination  of  equations  of  tapes, 

iieasiiremente  with  the  tape,  ezcept  that  its  graduation  marks  were 
bserved  with  micrometer  microscopes. 

The  thermometers  were  hung  from  light  wooden  snpports  attached 
0  the  microscope  posts  of  the  middle  of  the  comparator  and  at  15"* 
rom  either  end.  The  stems  of  the  thermometers  were  upright  and  the 
nibs  were  kept  at  about  the  same  height  as  the  tape. 

(8)  Method  of  observation. — The  programme  adhered  to  in  all  deter- 
linations  of  the  tape  lengths  made  on  the  100'"  comparator  is  the 
>llowing: 

The  tape  being  mounted  on  its  support  nails  and  attached  to  the  tape 
tret-chers,  was  first  put  under  tension,  aligned,  and  brought  to  focus 
Oder  the  microscopes  at  the  ends  of  the  comparator.  When  this  opera- 
on  was  completed  at  the  east  end  of  the  comparator,  the  observer  of 
lat  end  gave  one  blast  from  his  whistle.  The  observer  at  the  west  end 
Qswered  this  signal  by  one  blast  from  his  whistle  as  soon  as  the  ad- 
istments  at  his  end  were  completed.  The  observers  then  read  the 
aermometers  nearest  to  them,  while  the  recorder  who  stands  near  the 
liddle  of  the  comparator  read  the  thermometer  at  that  point.  On 
Quouncing  their  thermometer  readings  to  the  recorder  and  hearing  his 
^petition  of  them,  the  observers  returned  to  their  respective  ends  of  the 
omparator  and  re-examined  their  adjustments  of  the  tape  and  micro- 
copes  with  respect  to  one  another;  and  the  tension,  which  was  always 
pplied  at  the  west  end  of  the  comparator,  was  brought  to  its  normal 
alne.  On  completing  his  adjustment  the  observer  at  the  east  end 
ave  one  blast  from  his  whistle.  This  was  responded  to  by  one  blast 
rom  the  whistle  of  the  observer  at  the  west  end  as  soon  as  his  adjnst- 
lents  were  satisfactory.  The  observer  at  the  east  then  gave  two  blasts 
pom  his  whistle,  whereupon  the  recorder  lifted  the  tape  a  few  ceuti- 
(letres  from  and  let  it  fall  back  on  the  middle  support  nail.  This 
erved  to  relieve  the  tape  from  friction  on  its  support  nails;  and  as 
oon  as  the  tape  ceased  vibrating  the  observer  at  the  east  end  gave  one 
»last  from  his  whistle.  This  was  responded  to  by  one  blast  from  the 
rhisUe  of  the  other  observer,  and  the  microscopes  were  immediately 
wrought  to  bisection  on  the  graduation  marks  of  the  tapes.  This  com- 
peted, the  observers  exchanged  signals,  and  proceeded  at  once  to  re-read 
he  thermometers.  Finally,  after  completing  the  record  of  the  ther- 
Qometer  readings,  the  observers  referred  their  respective  microscopes 
0  the  cut-off  spheres  of  the  comparator. 

The  time  required  to  make  such  a  set  of  observations,  exclusive  of 
he  cut-off  measures,  was  two  to  three  minutes,  while  the  cut-oft*  meas- 
ires  required  about  two  minutes  additional. 

In  observing  on  the  tape  it  was  generally  found  most  convenient  to 
love  the  whole  microscope  by  means  of  the  longitudinal  screw  of  its 
lide  rest. 

The  reading  of  the  balance  index  was  noted  immediately  after 
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observing  on  the  tape,  so  that  a  correction  could  be  applied  for  any 
departure  from  the  normal  tension. 

Tables  I  and  II  following  give  the  records  of  a  complete  set  of  obser- 
vations for  temperature  and  length  of  100°»  steel  tape  No.  88  on  the 
comparator. 

As  will  be  seen  by  a  glance  at  Table  I,  the  thermometers  were  read  to 
tenths  of  a  degree.  In  order  to  make  such  readings  with  ease,  baud- 
magnifying  glasses  were  used. 

The  standard  tension  adopted  for  the  100™  steel  tapes  was  25  poaiids, 
9  ounces  (11*596  kilogrammes).  This  is  the  tension  given  by  tbe  bal- 
ances used  when  they  are  horizontal,  when  they  are  free  from  index 
error,  and  when  they  read  25  pounds  even.  The  departure  from  this 
even  reading  was  observed  to  the  nearest  ounce;  or  what  amounts  to 
the  same,  the  actual  reading  of  the  balance  at  the  time  of  observing 
with  the  microscope  on  the  tapes  was  noted. 

Since  it  was  generally  easiest  to  move  the  whole  microscope  by 
means  of  the  longitudinal  screw  of  its  slide  rest  in  reading  on  tbe  tape, 
the  micrometer  screws  were  usually  set  to  the  same  reading  at  the 
two  ends  of  the  comparator  in  order  to  simplify  the  computation  which 
requires  the  diflerence  of  the  microscope  readings. 

The  records  of  the  cut-off  measures  are  in  all  respects  similar  to  those 
obtained  in  measurements  with  the  iced  bar,  and  fully  set  forth  in  sec- 
tion 11,  Chapter  i,  to  which  reference  may  be  made  for  an  explanation 
of  the  meaning  attached  to  the  symbols  in  Table  II. 

Table  I. — Record  of  observed  temperature  and  length  of  steel  tape 

No.  88,  October  4,  1891. 


Time  of 
day. 

Thermometer  readiags. 

Balance  reading. 

Microscope  readings. 

No.  5598. 

No-  5599- 

No.  560X. 

West  end,  Z,. 

East  end,  ^ 

a.  fn. 
lo-io 

lOII 

1170  C. 
117 

II 7°  C. 
11-9 

11*5°  C. 
II -6 

25  pounds. 
2  ounces. 

20'00 

2000 

Table  II. — Record  of  cutoff  measures  corresponding  to  observations «» 

Table  1. 


West  end — Repsold  cylinder. 


Time  of 
day. 


a.  m. 

IO'I2 


End 

of  scale. 

east. 


A. 
B. 


Gradua- 
tion 
observed, 


22  I. 
21  L 


Micro- 

scoj>e 

reading. 


2400 
16-69 


Level 
readings. 


/. 


90 
150 


r. 


East  end— U.  S.  C.  and  G.  Survey  cylinder. 


Time  of 
day. 


I 


160 
lo-o 


I    a.  m. 

I     IO'I2 


End 

oi  scale, 

east. 


A. 
B, 


Gradua- 
tion 
observed. 


Micro- 
scope 
readings. 


IL 
I  L 


19*61 
2272 


Level 
rctdini^' 


/. 


50 
80 


9-5 
6-5 


(9)  Length  of  tape  m  terms  of  comparator  interval. — Let  T  denote  the 
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Bii^h  of  the  t^pb  under  comparison  at  the  time  of  any  set  of  observa- 
ioDs,  and  let  D  denote  the  comparator  interval,  or  distance  between 
he  terminal  spheres  of  the  comparator,  at  the  same  time.  *  Also,  as  in 
«ctiou  11,  Chapter  I,  let 
%  R  =  readings  of  the  microscopes  on  the  tape  at  the  left  and  right 

hand  ends  of  the  comparator,  respectively, 
>e,£e= corresponding  mean  readings  of  the  same  microscopes  on  the 

cut-ofif  scales, 
\j  8t  =  divisions  of  cat-off  scales  observed  at  the  respective  ends  of  the 

comparator, 
I,  /,  =  corresponding  inclinations  of  cut-off  cylinders, 
'i,  ff,  =  corresponding  heights  of  cutoff  scales. 
Finally,  let  J r  be  the  excess  in  ounces  of  the  applied  tension  over 
le  normal  tension  of  the  tape. 
Then 

In  this  formula  the  upper  signs  apply  to  8i  and  8^  when  the  gradua- 
».n  numbers  appear  inverted  (I),  and  the  lower  ones  when  those  num- 
rs  appear  erect  (E).  The  inclinations  Ii  and  J^  are  positive  when  the  • 
%-hand  end  of  the  bubble  is  the  higher.  The  tension  excess  Jr  is 
aitive  when  the  balance  reading  is  greater  than  25  pounds. 
The  corrections  for  inclination  of  the  cut-off  cylinders  Hi  Ji,  jff, ^V 
ire  generally  very  Ismail,  and  hence  negligible.  The  factors  by  which 
e  difference  of  the  sums  of  the  level  bubble  readings  must  be  multi- 
ied  to  get  these  corrections  are,  for  the  Repsold  cylinder  l^G**  and  for 
e  U.  S.  Coast  and  Geodetic  Survey  cylinder  6*1  **.  These  apply,  of 
urse,  only  .to  the  special  values  of  the  heights  H  of  the  cylinders  as 
ed  on  the  comparator. 

The  value  of  the  coefficient  of  Jr  used  in  the  actual  computations  of 
igth  was  0'047""*  as  determined  by  experiiaents  on  the  comparator  in 
dl.  Additional  determinations  made  in  1892  indicate  that  the  value 
>5"*"  per  ounce  when  the  normq^l  tension  is  25  pounds  is  more  precise. 
The  computation  of  the  length  T  by  formula  (1)  in  the  case  of  the 
servations  in  Table  I  and  II  is  then  as  follows: 

mm. 
:j3  N,  =  -  21-500 
±   ,SV  =  +    1-000 

—  (X  -^  R)  =         0000 
+  (A  ~  i^e)  =  ~    0-082 

-  HJi=z+    0003 

—  0047'"'"  X  //t  =  —    0-092 


Sum  =  -  20-689 
Hence  we  have 

T  =^  D  ^  20-689"»«. 
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The  value  actually  used  was  D  —  20*67""',  which  comes  from  neglect- 
ing the  corrections  for  inclination  of  cut-off  cylinders  and  rounding 
all  computed  corrections  to  the  nearest  hundredth  of  a  millimetre. 

(10)  Thermometer  corrections, — ^The  thermometers  used  in  all  deter- 
minations of  tape  lengths  on  the  100™  comparator  were  Nos.  5598, 5599, 
and  6601  by  Green,  of  New  York.  Their  corrections  were  determined 
by  Mr.  O.  H.  Tittmann,  assistant  in  charge  of  the  Office  of  Standard 
Weights  and  Measures  of  the  Survey. 

Table  III  following  gives  the  corrections  essential  to  reduce  the 
observed  readings  of  these  thermometers  to  the  hydrogen  scale  as  deter- 
mined by  Assistant  Tittmann  on  August  19, 1890. 

Table  III. — Thermometer  corrections  August  19, 1890. 


Correction  to— 

Temperature. 

5598. 

5599- 

5601. 

2-6°  C. 

— 0-20<*  t. 

— 0-190  C. 

— 0-2I«  C. 

3-6 

•24 

18 

•16 

IO'2 

•19 

19 

•16 

'5 

.     -18 

18 

•18 

19-6 

•18 

■21 

•24 

25 

•17 

17 

•«7 

30 

"^ 

22 

•17 

34*9 

•19 

•14 

•29 

The  readings  of  these  thermometers  when  packed  in  melted  ice  on 
August  19,  1890,  were  +  0-25o,  +  0-08°  and  O-OOo,  respectively.  Their 
freezing  point  readings  were  not  again  determined  until  January  21) 
1892,  when  they  read  +  0-15o,  +  0-17o,  and  O-OOo  respectively. 

To  take  account  of  these  changes  in  the  freezing  point  readings  it  is 
assumed  that  they  varied  directly  as  the  time  during  the  interval  vUc^ 
elapsed  between  the  two  determinations  of  August,  1890,  and  January, 
1892.  This  assumption  gives  for  the  zero  point  readings  at  the  epocb 
of  the  tape  comparisons,  September,  1891,  say,  +0-17^,  +0-15^,  and 
O-OOo,  respectively;  and  these  are  the  values  adopted. 

The  changes  which  these  readings  entail  in  the  correctionB  in  Table 
III  are  found  by  adding  +0-08o  to  the  corrections  for  No.  5598,  by 
adding  — 0*07o  to  the  corrections  for  No.  5599,  while  the  corrections  for 
No.  5601  remain  unchanged. 

Since  the-  thermometers  always  had  the  same  readings  within  a 
degree^  it  has  been  considered  sufficient  to  apply  the  mean  of  their  cor- 
rections to  the  mean  of  their  readings  in  computing  results  from  com- 
parions  on  the  100™  comparator.  Accordingly,  the  mean  correctioBS 
in  Table  IV  following  have  been  applied  in  deducing  the  temperatures 
of  the  tapes  from  the  observations  on  the  comparator. 


REPORT   FOR   1892 — PART   II. 


423 


Determinatum  ofeqtuttions  of  tapes. 
Table  IV. — Means  of  corrections  to  thermometers  September^  1891. 


femperature 

2-6« 

3-6« 

IO-2® 

150® 

1 9-6® 

250® 

30-0® 

34*9** 

Correction 

— 0'20 

— 0-I9 

— oi8 

—018 

— 0'20 

— 0*17 

—0  17 

— 0-20 

The  means  of  the  six  thermometer  readings  were  carried  to  hun- 
redths  in  the  computation,  and  the  above  corrections  were  then  applied 
I  getting  the  adopted  tape  temperatures,  which  are  likewise  carried 
>  hnndredths  of  a  degree.  This  is  to  son;e  extent  a  needless  refine* 
tent,  but  its  application  cost  little  labor. 

(11)  Adopted  lengths  of  the  comparator, — As  explained  in  section  5, 
hapter  III, 'it  is  assumed  that  the  comparator  interval  or  length  D 
tanged  during  the  period  of  two  months  which  elapsed  between  the 
^o  groups  of  determinations  of  that  interval.  Fortunately,  the  largest 
cups  of  tape  comparisons  were  nearly  coincident  in  time  with  those 

the  comparator  measures.    For  the  small  number  of  tape  compari- 

(18  made  between  August  30  and  September  5,  a  length  of  the  com- 

rator  interval  is  derived  on  the  assumption  that  it  changed  directly 

the  time  between  the  two  epochs  for  which  lengths  are  given  in  sec- 

>n  7,  Chapter  III.    Hence  the  following  values  are  adopted  for  the 

mparator  interval  D  in  terms  of  the  iced  bar  B^^i 

mm, 
Aug.  1  to  8, 1891,  D  =  20  B„  -f  39-62, 
Aug.  30  to  Sept.  5, 1891,  D  =  20^,;  +  39-44, 
Oct.  3  to  9,  1891,  D  =  20J?,7  +  39-37. 

^,;  =  5"'-18•0^ 

(12)  Correction  for  index  error  of  balances. — ^The  spring  balances  used 
give  tension  to  the  tapes  were  tested  from  time  to  time  by  the  method 

plained  in  section  4,  Chapter  Y.  They  were  also  tested  frequently 
ith  known  weights  to  see  that  they  gave  the  tensions  indicated.* 
The  standard  tension  adopted  was  25  pounds  9  ounces,  which  is  the 
Qsion  given  by  the  balances  when  horizontal,  when  they  are  free  from 
lex  error,  and  when  they  read  25  pounds  even.  By  reason  of  some 
cidents  to  the  balances  their  index  errors  changed  to  some  extent 
iring  the  season.  They  were  always  accurately  observed,  however, 
d  the  corrections  applied  are  without  sensible  error. 
The  correction  for  index  error  is  of  the  same  form  as  that  for  excess 
tension  explained  in  section  9  above.  The  adopted  elongation  of 
e  tai)e  per  ounce  was  0-047™";  and  the  corrections  actually  applied 
the  lengths  of  the  tapes  as  computed  by  equation  (1),  section  9,  are 

e  following: 

Aug.  1  to  Aug.  8,  1891,  0-00, 

Aug.  30  to  Sept.  5, 1891,  -0-16, 

Oct.  3  to  Oct.    9,  1891,  +0-16. 

"See  Chapter  V,  section  4,  for  details  of  observed  index  correctlooA, 
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(13)  Observed  data  for  lengths  and  rates  of  expansion  of  steel  tapes  JTc 
85  and  86. — ^Tables  V  and  VI  following  give  the  results  of  all  obsen 
tions  made  on  the  100*°  comparator  to  determine  the  eqaations  of  t 
steel  100^  tapes  Nos.  85  and  88.  The  first  column  gives  the  date 
observation,  and  the  second  the  time  when  the  observations  were  msM 
The  third  column  gives  the  temperature  of  the  tape  corrected  to  t 
hydrogen  scale  as  explained  in  section  10  above.  The  fourth  colai 
gives  the  length  of  the  tai>e  in  terms  of  the  comparator  interval  D 
computed  from  equation  (1),  section  9.  The  fifth  column  gives  1 
length  of  the  tape  in  terms  of  the  iced  bar  B^^  in  accordance  with  1 
relations  given  in  section  11.  The  corrections  to  standard  tension 
25  x)ounds  9  ounces  given  in  section  12  are  also  applied  in  deriving  i 
values  in  this  column.  The  last  column  gives  the  residuals  wh 
result  from  the  equations  of  the  tapes  deduced  in  the  following  sect! 

Table  Y. — Resnlts  of  observations  for  length  and  rate  of  expansm 

100""  steel  tape  Xo,  85. 


Obsserved 

iensrth  of 

Residual 

Observed  tem- 

tape. 

(computed 

Date. 

Time  of  day. 

perature  of 
t«pe. 

minus 
observed 

/>- 

ao/?„4- 

value). 

i8oi. 

- 

mm. 

Mm. 

mm. 

Aug.       6 

1l:29  a.  ID. 

29-02**  c. 

4-01 

35-51 

4-0-12 

I:02  p.  m. 

30-56 

183 

3769 

—  -34 

, 

2:o6 

3007 

3*37 

36-15 

-h    63 

yos 

2988 

2-67 

3685 

—  -28 

4:02 

2892 

438 

35-14 

-f  -38 

5:00 

2801 

494 

3458 

-06 

9:02 

1958 

14-86 

24-66 

4-   63 

9:12 

18-44 

15-72 

2380 

4-  -25 

7 

7:02  a.  m. 

2096 

12-68 

26-84 

—  03 

8:02 

2453 

8-68 

30-84 

—    "3 

9:02 

2673 

6-55 

3297 

+  -15 

10:02 

27-96 

4-95 

34-37 

—  -11 

II:OI 

29-26 

3-57 

35-95 

—  06 

11:48 

30- 1 1 

1-98 

37-54 

—  -70 

2:04  p.  m. 

30-21 

2-24 

37-28 

-  -35 

7:16 

31-35 

1-05 

3847 

—  -29 

7:32 

21-51 

12-48 

27-04 

-f  -37 

8:38 

20-15 

1421 

25-31 

-[-    60 

8 

7:28  a.  HI. 

24-66 

909 

30-43 

+  -43 

8:34 

27  06 

S-63 

3389 

—  -41 

9:35 

29-14 

y^i 

3589 

—   -22 

10:32 

3034 

2-62 

36-90 

-    -17 

11:31 

3»'39. 

>«3 

3839 

—  -17 

12:38  p.  m. 

32-12 

0-29 

39-23 

—   -21 

1:33 

31-54 

080 

3872 

—  -33 

2:34 

3032 

2-75 

36-77 

-f  -28 

7:4 » 

21-48 

12-42 

27-10 

4-  -27 

«:34 

2093 

12-96 

26-56 

4-   -21 

9:34 

20-38 

^y32 

2620 

—  -03 
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Table  V. — Results  of  observations'for  lengthy  etc. — GoutiQaed. 


Observed 

length  of 

Residual 

Observed  tem- 

Upe. 

(computed 

Date." 

Time  of  day. 

perature  of 
tape. 

minus 

observed 

value). 

D— 

•o^iH- 

189I. 

mm. 

mm. 

mm. 

Sept.      5 

2:40  p.  m. 

1488 

1908 

20-20 

-  -05 

3:24 

1470 

19-51 

19*77 

+     18 

5:04 

14*26 

19*91 

19-37 

-f     10 

7:35 

13-88 

20'02 

19*26 

—    -21 

9:08 

13-98 

20'l6 

19*12 

+    -04 

Oct.        3 

10:40  a.  m. 

2673 

6*28 

3325 

—  -13 

11:48 

2724 

599 

3354 

-f  -14 

1:41  p.  m. 

2706 

6*15 

3338 

-f  -lo 

4 

4:54  p.  m. 

13-85 

20*12 

19*41 

—  -39 

6:50 

12-67 

21-60 

>7'93 

—  -20 

^ 

8:08 

1232 

22*35 

17*18 

+  -17 

8:58 

1 1 70 

22*68 

16*85 

—  -18 

10:20 

11-38 

23-35 

16-18 

4-  -'4 

5 

5:00  a.  pi. 

7'20 

27-86 

11*66 

-h  -07 

6:04 

6-66 

28*34 

11-19 

—   04 

6:54 

7*97 

26*89 

12*64 

-   05 

8:04 

10*24 

24*82 

1471 

+  -36 

9:00 

ii*8o 

22*99 

1 6*54 

-h  -24 

12:38  p.  m. 

'5-13 

19*23 

20-30 

-[-    -12 

7:03 

7*07 

2795 

11*58 

4-    *02 

8:08 

6*72 

28-51 

1102 

4-  20 

8:58 

6-38 

28*82 

10-71 

H-  -13 

10: 16 

504 

30*61 

952 

—  -14 

6 

4:32  a.  m. 

3*51 

31-95 

758 

4-    -12 

5:28 

3-47 

31-78 

775 

—    -09 

6:28 

476 

3052 

9-01 

-f     06 

- 

7:56 

959 

25*30 

14-23 

-f    -13 

8:54 

11*95 

22-75 

16-78 

+    -16 

8 

7:54  a.  iTi. 

862 

26*03 

13-50 

—   -20 

8:48 

1089 

2351 

16-02 

—    *24 

9:52 

1255 

21*57 

17-96 

—    -36 

10:46 

13-60 

20-97 

18-56 

-f      19 

11:52 

1463 

1955 

19-98 

—    -11 

12:58  p.  m. 

1502 

19-29 

20-24 

-f    -06 

2:06 

15-63 

18-76 

20*77 

-j-    -20 

3:00 

14*67 

1977' 

19-76 

-\-      16 

4:06 

1387 

20-76 

18-77 

-f    -27 

5:52 

945 

25*26 

14*27 

•07 

7:12 

738 

2770 

11-83 

-f    -11 

Il:l6 

725 

27*49 

12*04 

—    -24 

11:58 

770 

2705 

1248 

—  -19 

9 

2:04  a.  m. 

5-31 

2973 

9-80 

-  -13 

3:04 

5*49 

2948 

10-05 

—  -18 

4:08 

5  49 

29*56 

997 

—  -10 

5:06 

419 

3077 

876 

—  -29 

6:10 

447 

30-58 

8-95 

—  -20 

6:56 

6-68 

28*15 

11-38 

—   -21 

8:00 

9-33 

25-31 

14-22 

-    IS 
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Table  VI. — Results  of  observations  for  length  and  rate  of  ejcpamm  of 

100^  steel  tape  JVb.  68. 


Observed  length  of 

Residual 

Obsenred  tem- 

tape. 

(computed 

Date. 

Time  of  day. 

perature  of 
Upe. 

mmns 

observed 

value). 

Z?  — 

ao^iT-l- 

1891. 

fnfff. 

ffifn. 

mm. 

Aug.       I 

10:14  a.  m. 

27-46«>  C. 

3-66 

35-86 

+042 

1:52  p.  ra. 

29-28 

0-86 

3866 

—   40 

2:50 

24-96 

6-58 

3294 

-1-  .61 

3:32 

24-61 

6-04 

33-48 

—  '3^ 

4:10 

22-86 

8-17 

31*35 

—  -09 

4:56 

2334 

7-11 

32-41 

-•63 

5:56 

23-97 

763 

31-89 

+  ■58 

7:25 

2046 

11*35 

2817 

+  -46 

3 

7:52  a.  m. 

14-99 

16-79 

22-73 

•06 

8:29 

'4-46 

17-69 

21-83 

-f  -26 

9:59 

14-30 

16-95 

22-57 

--65 

11:05 

14-70 

17-56 

2196 

+  -39 

1:32  p.  m. 

16-45 

15-35 

24-17 

+  -09 

2:08 

16-95 

1473 

24-79 

-{-  -02 

4 

8:22  a.  m. 

20-84 

10-40 

29-12 

—  -07 

9:02 

21-66 

9-70 

29 '82 

+  *'2 

io:02 

2324 

7*93 

31-59 

4-  -08 

10:56  • 

24-14 

6-6 1 

32-91 

•26 

1 2:02  p.  m. 

24-01 

'      665 

3287 

—  '37 

1:02 

25-01 

592 

3360 

-f    'OO 

4:46 

24-77 

6-49 

3yo3 

+  -31 

9:04 

17-72        • 

1436 

25-16 

+  -49 

5 

7:15  a.  m. 

21-71 

957 

2995 

+  0-5 

8:32 

24-29 

7-02 

3250 

-h  '3^ 

9:32 

2528 

6-05 

3347 

-f  -43 

« 

10:32 

2571 

569 

33-^3 

+  •54 

11:32 

2801 

2-44 

37-08 

-+-  -21 

1:32  p.  m. 

28-01 

2-53 

3699 

4-   -12 

2:32 

28-27 

2-49 

37-03 

+  -13 

3-32 

27-89 

2-92 

36-60 

+  -15 

4:30 

26-31 

4-78 

34-74 

4-  -28 

5:32 

26-27 

4-64 

34-88 

-|-  'lo 

8:56 

17-67 

14-46 

25-06 

+  -54 

30 

6:46  p.  m. 

16-41 

15-35 

23-93 

+  -29 

8:14 

1426 

1779 

21-49 

+  *39 

9-30 

1315 

18-63 

20-65 

-f-  -oi 

Sept.      5 

l2:o8  p.  m. 

14-55 

16-70 

22-58 

—  -39 

I:l6 

15-10 

15-92 

2336 

-  -57 

1:42 

1578 

15-19 

24-09 

-.56 

2:24 

15-28 

1579 

2349 

—   50 

3:45 

14-28 

17-32 

21-96 

•06 

4:54 

14-26 

17-26 

22-02 

—  -15 

Oct.       3 

10:55  a.  ni. 

27-08 

3*22 

36-31. 

-•46 

11:39 

26-99 

309 

36*44 

-•67 

1:49      P-      ^^ 

2693 

309 

3644 

—  74 

4 

4:44  P-  m. 

13-^3 

17-59 

21-94 

~  -54 

7:02 

12-60 

1937 

2o-i6 

—  'ID 

8:01 

12-30 

19-55 

19-98 

—    25 

9:10 

"•53 

20-61 

18-92 

—    03 

10: 10 

11-50 

20-67 

18-86 

—  -lO 

1 

\ 

\ 

k 
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VI. — Results  of  observations  for  lengthy  etc, — Continued. 


Observed  lenfrth  of 

Residual 

Observed  tem- 

tape. 

(computed 

)ate. 

Time  of  day. 

perature  of 
tape. 

^ 

minus 
observed 

JT 

.    />  — 

90  /?„  4- 

value). 

891. 

m 

mm. 

mm. 

mm. 

5 

5:12  a.  m. 

703 

2538 

14-15 

—  -18 

5:56 

646 

25-87 

13-66 

—  -30 

7:00 

825 

24*16 

I5-37 

•06 

7:56 

997 

22-63 

16-90 

+    29 

9:04 

1170 

20-68 

18-85 

+  -23 

12:30  p.  m. 

1535 

16-48 

2305 

-f  -oi 

7:12 

7-02 

25-82 

X3-7' 

-h  -25 

8:02 

642 

26-26 

13-27 

4-  -05 

9:08 

654 

26-11 

13-42 

4-  -03 

10:04 

512 

2750 

1203 

—   13 

6 

4:42  a.  m. 

4*39 

2833 

11-20 

—  -lo 

5:22 

346 

2940 

IOI3 

—  04 

6:34 

4-66 

28-24 

11*29 

+    11 

7:48 

882 

2341 

16-12 

—   18 

9:02 

1270 

1952 

20'0I 

+  -16 

8 

7:50  a.  m. 

81S 

23-96 

1557 

--36 

8:54 

11-20 

2096 

18*57 

—  -04 

9:48 

1214 

20-09 

19-44 

+  -16 

10:52 

13-85 

18-29 

21*24 

+    19 

11:46 

1405 

18-43 

21-10 

+  -54 

1:04  p.  m. 

1525 

16.72 

22-81 

+  -14 

2:00 

1612 

15-98 

23-55 

+  -35 

3:06 

14-62 

17-32 

22*21 

-f  -06 

4:02 

1422 

17-80 

2173 

4-  -lo 

5:58 

923 

2345 

16-08 

-j-  -20 

7:06 

757 

25-09 

14-44 

H-    13 

il:o6 

7*35 

24-86 

14-67 

—  -34 

9 

12:08  a.  m. 

7-52 

24-82 

14-71 

—    19 

1:56 

539 

26-96 

12-57 

-•38 

3:10 

529 

27-49 

12-04 

-f  -04 

4:04 

567 

2697 

12-56 

—  *o6 

5:12 

4*21 

2867 

IO-86 

-h   04 

6:04 

411 

2869 

1084 

—  -04 

7:02 

707 

25-28 

14-25 

—   '22 

7:56 

9'io 

2282 

16-71 

—  -47 

ivation  of  equations  of  tapes. — Let  t  denote  the  observed  tem- 
the  tape  at  any  time,  and  x  the  excess  of  the  tape's  length 
at  the  same  time.  Let  Xo  denote  the  corresponding  excess  in 
any  assumed  temperature  to.  Then  if  we  call  the  rate  of 
of  the  tape  y,  and  denote  the  most  probable  corrections  to 
'  Jx  and  Jf,  respectively,  each  pair  of  observed  values  in 
nd  yi  will  give  an  equation  of  condition  of  the  form 

Xo  +  y  (t  +  Jt  -  to)  -  X  -^  ^x  =  0.  X2) 

re  denote  the  weights  of  x  and  ^  by  jp  and  g,  respectively, 
[  of  least  squares  requires  that,  subject  to  the  conditions  (2), 

[p  {JxY]  +  [q  (Jty]  =  a  minimum.  (3) 

tion  of  the  problem  presented  by  equations  (2^  and  (3\  la 
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not  difficult,  especially  when  tbe  ratio  of  the  weights  p  and  q  is  con- 
stant. The  method  usually  followed  in  treating  this  problem  is  based 
on  the  assumption  that  9  =  oo,  or  that  the  temperature  observations  are 
not  subject  to  error.  In  the  present  application^  it  seems  more  fitting 
to  make  the  other  extreme  assumption,  viz,  that  ji  =  oo,  since  the  tem- 
I)erature  errors  surpass  by  far  the  resultant  eflect  of  all  other  errors. 
lioth  these  extreme  assumptions  were  made  in  the  computatious  as 
actually  carried  out,  and  it  may  be  said  that  the  resulting  values  of  x^ 
and  y  do  not  difi'er' appreciably,  so  that  for  practical  purposes  one 
method  is  as  good  as  another.  Hence  we  shall  adopt  the  usual  method, 
which  converts  (2)  into  an  observation  equation  of  the  form 

Xo  +  y(t.-'to)—xss  Ax^  with  weighty.  (4) 

Since  U  is  arbitrary,  we  may  conveniently  give  it  the  value 

i 

m 

since  this  facilitates  the  solution  of  the  normal  equations  and  the  com- 
putation of  the  probable  error  of  the  tape  length  at  any  temperature. 
Thus,  with  this  value  of  fo?  we  have 

The  observations  in  Tables  V  and  VI  would  give  equations  of  equal 
weight,  but  instead  of  treating  these  equations  separately  they  have 
been  grouped  into  means  with  respect  to  temperature  limits  in  onler  to 
learn  what  extent  the  errors  of  observation  are  compensating.  The 
resulting  values  of  x^  and  y  are,  however,  the  same  as  would  come  from 
considering  the  several  equations  separately. 

Table  YII  following  gives  the  values  in  detail  which  result  from  the 
processes  of  groupingjust  mentioned  as  applied  to  the  data  for  Tape 
No.  85.  The  first  column  gives  the  limits  of  the  temperatures  included 
in  any  group.  The  second  coluum  gives  the  number  of  observed  tem- 
peratures or  lengths  in  the  group,  or  the  weight  |>  of  the  mean  tem- 
perature or  mean  length  for  the  group.  The  third  column  gives  the 
mean  temperature  t  and  the  fourth  the  mean  length  excess  x  for  the 
group.  The  last  column  gives  the  residual  which  results  from  the  sub- 
stitution of  the  computed  values  x^,^  y  and  the  group  means  t  and  x  in 
equation  (4). 

Table  VIII  gives  the  corresponding  data  for  Tape  No.  88. 


REPORT   FOE   1892 — PART   II. 


429 


Determination  of  eqtiatiom  of  tapes. 
Table  VII. — Summary  of  data  for  equation  of  tape  Ko.  85. 


Residual  A  x. 

Temperature 
range. 

Weight  /. 

Mean  value ; 
of  /. 

Mean  value 

of  X. 

(Computed 

mintM  observed 

value. ) 

o          o 

0 

mm. 

mm. 

30  to  35 

II 

3072 

37*64 

—01 50 

25      30 

II 

2792 

3442 

-h    004 

20      25 

8 

21-82 

27-54 

-f    207 

15      20 

6 

1644 

21*66 

-1-  -197 

10      15 

18 

1294 

1 801 

-f    016 

5      10 

18 

718 

1178 

—    059 

0       5 

5 

* 

408 

8-41 

-     083 

Table  VIII. — Summary  of  data  for  equation  of  tape  Ko,  68. 


Residual  A  x. 

Temperature 
range. 

Weight  /. 

Mean  value 
of  r. 

Mean  value 
of  X. 

(Computed 
minu9  observed 

« 

value.) 

0          0 

0 

mm. 

mm. 

25  to  30 

15 

2689 

35-66 

— 0-004 

20       25 

«3 

2307  . 

31*47 

-f  -017 

15       20 

12 

1609 

^3*!l 

+  -019 

10       15 

22 

I314 

20-68 

—  -030 

5        10 

18 

7*22 

1418 

-h  -009 

0       5 

5 

419 

10-86 

+    -022 

rrom  the  data  in  Tables  VII  and  VIII  we  flud  by  means  of  equations 
and  (6) 


f«  = 


^0 
a?, 


y  = 

to    = 

y  = 


16-89'  C, 

+  2!?-3r)'"'",  with  weight  77, 
1-0947"»"S  with  weight  6436, 

15-72'C., 

+  23-47"™,  with  weight  85, 
1-0914™"',  with  weight  4687, 


Tape  No.  85. 


Tape  No.  88, 


[?hese  values  substituted  in  equation  (4)  give,  in  connection  with  the 
an  values  of  ^  and  a?,  the  residuals  shown  in  the  last  column  of  Tables 
I  and  VIII.  Likewise,  these  values  of  /o»  a?o,  and  y,  when  substituted 
equation  (4),  give  in  connection  with  the  individual  values  of  t  and  x 
^  residuals  of  the  individual  determinations  of  length  shown  in  the 
t  column  of  Tables  V  and  VI. 
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The  salient  features  of  the  latter  residuals  are  shown  iu  the  following 
statement: 


1     T.peas-          Tape  88. 

Number  positive  residuals 
Number  negative  residuals 
Average  residual 
f         Maximum  residual 

Sum  of  squares  of  residuals  — 

• 

36 
41 

0'20*"™ 
482 

45 
40 

0*25°*™ 

c-74"™ 
8-62 

From  the  sums  of  the  squares  of  the  residuals  just  given,  it  follows 
that  the  probable  error  of  a  single  determination  of  length  of  these 
tapes  on  the  100™  comparator  is 

mm, 
±  0-17  for  tape. No.  85, 
zt  0-22  for  tape  No.  88. 

Applying  the  weights  of  Xo  and  y,  given  above,  there  result 


Tape  85. 

Tape  88. 

Probable  error  Xq  =    . 
y   — 

mm. 

J-0-020     ' 
^0-002I 

mm. 
J[:0024 
3^0-0032 

If,  now,  we  denote  the  lengths  of  tapes  No.  85  and  No.  88  by  T»  and 
Tea,  respectively,  the  preceding  data  enable  us  to  write  the  foUowiiig 
equations : 

Tss  =  20B,;  +  22-35™°>  ±  0-020°»» 

+  (1-0947™*°  ±  0-0021™»)  {t  -  16-89^  O.) 

Tse  =  20^,7  +  23-47™"  ±  0-024™" 

+  (1-0914™™  ±  0-0032™™)  (t  -  15-72'*  O.) 


(7) 


(8) 


(15)  Discussion  of  results, — An  examination  of  the  residuals  in  Tables 
V  and  VI  shows  that,  on  the  whole,  the  observed  lengths  are  well  repre- 
sented by  equation  (4).  Thus,  the  whole  number  of  the  residuals  in  the 
two  tables  is  162,  and  of  these,  as  just  shown  above,  81  are  positive  and 
81  negative,  while  the  probable  error  of  a  single  determination  of  length 
is  ±  0-17™™  for  tape  85  and  i  0-22'"™  for  tape  88.  Taking  the  average 
of  these  two  probable  errors,  or  ±  0-20™™,  as  representative  of  the  whole 
groui>  of  residuals,  we  may  say  that  the  probable  error  of  a  single  deter- 
mination of  the  lengths  of  these  tapes  was  1/500  000th  part  of  their 
length.  The  maximum  residual  is  0-74™™,  which  is  less  than  four  times 
its  probable  error.  Taking  the  values  ±  0-17™™  and  ±  0-22™™  for  the 
probable  errors  in  the  two  cases  as  a  basis  for  computation,  and  then 
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combining  the  two  groups  of  residuals  into  a  single  group,  the  follow- 
ing comparison  of  the  actual  with  the  theoretical  distribution  of  the 
residuals  results: 


Between  limits. 

Actual  number 
of  residuals. 

Theoretical 
number. 

fftfft.       ffifn. 
o-o  and  o-2 

0-2            0'4 

o*4         0-6 
0-6         0-8 

85 
5' 

9 

84 
52 

21 

5 

The  agreement  thus  shown  between  the  actual  and  theoretical  distri- 
bution of  the  residuals  is,  in  general,^  quite  close.  As  is  usual  in  such 
comparisons,  the  departure  from  theory  is  greatest  in  the  case  of  the 
large  errors. 

On  the  whole,  therefore,  it  appears  that  the  errors  to  which  these 
determinations  of  -tape  lengths  were  subject  are  of  the  compensating 
class.  A  confirmation  of  this  view  is  afforded  by  the  residuals  of 
the  group  mean  values  shown  in  Tables  VII  and  VIII.  If  the  errors 
to  which  the  individual  determinations  are  subject  were  not  of  the 
compensating  class  we  should  expect  large  residuals  to  result  from 
those  group  means.  The  residuals  are  largest  in  the  case  of  the  results 
for  tax)e  85;  but  they  reach  only  0*2"™  at  the  maximum,  and  this  for 
group  means  having  relatively  small  weight.  The  degree  of  compen- 
sation was  manifestly  best  for  the  comparisons  of  tape  88,  since  the 
maximum  group  residual  shown  in  Table  VIII  is  only  0'03"*",  while  the 
individual  residuals  for  the  comparisons  of  tape  88  were,  on  the  average, 
somewhat  greater  than  those  of  tape  85.  The  average  of  the  residuals 
in  Tables  VII  and  VIII,  regardless  of  weights,  is  0*06"^™.  This  is 
equivalent  to  an  error  of  0'06°  0.  in  temperature  of  the  tape  and  to 
3/5  000  OOOths  of  a  &pe  length. 

Notwithstanding  the  .compensating  character  of  the  errors  in  ques- 
tion when  taken  as  a  whole,  a  careful  examination  of  the  residuals  in 
Tables  V  and  VI  indicates  that  the  determinations  were  subject  more 
or  less  to  some  systematic  errors.  These  seem  to  be  chiefly  of  two 
kinds,  namely:  First,  errors  due  to  lag  of  the  tape  temperature  rela- 
tively to  that  of  the  thermometers;  and  second,  tbat  due  probably  to 
peculiarities  of  radiation  which  produced  at  times  somewhat  persistent 
differences  in  temperature  between  the  tape  and  thermometers.  The 
lag  effect  is  best  shown,  perhaps,  in  the  observations  of  October  8  and 
9,  1891,  which  were  continuous  for  twenty  four  hours  except  for  an 
interval  of  four  hours  on  October  8,  when  the  apparatus  was  used  in 
measuring  a  section  of  Holton  Base.  The  amount  of  this  lagging 
may  have  been  as  much  as  0*2''  0.,  though  it  is  entangled  with  other 
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errors  to  sucli  an  extent  that  one  cannot  draw  a  definite  conclusion  from 
the  residuals  of  the  tables.  Examples  of  what  I  have  provisionally  called 
the  "radiation  eflfect"  are  aflforded  by  the  observations  of  September 5, 
October  3,  and  October  4,  in  the  comparisons  of  tape  88.  For  ttiese  dates 
the  residuals  are  all  relatively  large  and  of  one  sign.  On  the  same  dates, 
however,  no  such  persistence  in  sign  is  shown  by  the  residuals  of  tape 
85  which  was  alongside  and  within  two  centimetres  of  tape  88  on  the* 
comparator.  It  seems  impossible  that  there  could  have  beensneba 
difference  in  temperature  of  the  tapes  thus  situated  as  would  ajipear 
from,  the  residuals  just  cited ;  but  similar  persistent  differences  between 
the  tape  and  thennometer  temperatures  appeared  at  times  in  the 
measures  of  Holton  Base,  on  cloudy  days,  especially,  and  there  seems 
te  be  little  doubt  of  their  reality.  (See  section  8,  Chapter  v.)  The 
only  reason  I  am  able  to  assign  for  the  difference  iu  behavior  of  the. 
two  tapes  when  lying  alongside  of  one  another  on  the  comparator  on 
the  dates  referred  te,  is  that  the  lower  surface  of  tape  No.  88  had 
become  somewhat  polished,  presenting  a  bright,  rather  than  a  doll 
black  surface,  from  much  use  in  preparing  the  standard  kilometre  and 
other  sections  of  Holton  Base.  Otherwise  the  tapes  were  in  all  respects 
alike,  having  been  cut  from  the  same  coil. 

This  radiation  effect,  or  whatever  it  may  be,  was  observed  to  be 
I)resent  in  a  somewhat  greater  degree  in  some  experiments  on  the 
behavior  of  the  tapes  made  in  the  open  air  and  in  sunshine  on  a  portion 
of  St.  Albans  Base  in  1892.  Since  these  experiments  will  be  referred 
to  in  section  26,  Chapter  V,  I  may  dismiss  the  question  here  with  the 
remark  that  it  is  the  only  anomaly  presented  by  the  tapes  in  my  expe- 
rience, and  that  it  is  probably  the  only  serious  obs&cle  in  the  way  of 
making  the  long  tape  a  standard  whose  equation  can  be  determined 
with  a  precision  little  short  of  that  attained  with  laboratory  standards. 

{16)  Probable  errors  of  tape  lengths, — The  probable  errors  of  the  mean 
lengths  of  the  tapes  given  in  equations  (7)  and  (8),  section  14,  are  due 
to  the  errors  of  comparison  only.  The  total  probable  errors  of  tliose 
mean  lengths,  when  expressed  in  metres,  depend,  first,  on  the  errors  of 
comparison  just  mentioned;  second,  on  the  error  in  length  of  the  com- 
parator as  measured  with  the  iced  bar  J5„ ;  third,  on  the  error  in  length 
of  Bij  when  expressed  in  terms  of  the  International  Metre,  and  fourth, 
on  the  thermometer  errors  with  respect  to  the  hydrogen  scale. 

For  the  j>robable  error  due  to  the  first  source  of  error  we  may  adopt 
the  mean  of  those  given  in  equations  (7)  and  (8)  above,  namely,  ±0'022""'. 
This  amounts  to  1/4  550  000th  part  of  a  tape  length. 

The  resultant  probable  error  due  to  the  second  and  third  sources  of 
error  is  given  in  section  7,  Chapter  iii.  It  is  ±  O-OSS™*",  or  1/3  000  000th 
part  of  a  tape  or  comparator  length. 

An  idea  of  the  uncertainty  remaining  in  the  mean  of  the  corrected 
readings  of  the  three  thermometers  used  may  be  formed  by  an  insimv 
tion  of  the  data  for  the  thermometer  corrections  given  iu  section  10 
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above.  It  is  estimated  that  the  probable  error  due  to  this  source  can 
Dot  exceed  ±  002='  0.  This  is  equivalent  to  ±  0020'""  or  1/6  000  000th 
part  of  a  tape  length. 

Taking  the  square  root  of  the  sum  of  the  squares  of  these  independent 
probable  errors,  there  results  ±  0-044™"  for  the  total  probable  error  of 
the  length  of  either  tape  when  expressed  in  terms  of  the  International 
Metre,  and  when  its  temperature  is  the  mean  of  those  observed  during 
the  comparisons.  This  probable  error  is  equivalent  to  1/2  270  000th 
part  of  the  tape  length. 

The  probable  errors  of  the  rates  of  expansion  of  the  tapes  given  in 
equations  (7)  and  (8)  are  ±  0-0021"»«  and  ±  0-0032™",  and  for  the  sake 
of  uniformity  we  may  adopt  the  mean  of  these,  or  i:  0*0026"",  as  a 
working  value  for  either  tape. 

With  these  values  of  the  probable  error  of  a  tape  length  at  its  mean 
temperature  and  the  probable  error  of  the  rate  of  expansion,  it  follows 
that  the  probable  error  of  a  tape  length  at  any  temperature  t  is  given 
by  the  expression 

±  I  (0-044"")«  +  (0-0026"")'  {t-toY  I  *,  (9) 

wherein  to  =  16-89»  0.  for  tape  85, 
=  15-72        for  tape  88. 

« 

The  values  given  by  expression  (9)  for  such  extreme  temperatures  as 
0°  and  30»  C.  are  ±  0062""  and  ±  0055"",  respectively,  for  tape  No  85, 
and  ±  0-060""  and  ±  0-058""',  respectively,  for  tape  No.  88.  The 
square  root  of  the  average  of  the  squares  of  the  errors  given  by  (9) 
between  0°  and  SO"*,  supposing  all  temperatures  within  these  limits  of 
equal  frequency,  is  i  0-05Q"".  Hence  it  is  concluded  that  for  such 
temperatures  as  are  likely  to  be  had  in  the  use  of  these  tapes,  the 
probable  errors  of  their  absolute  lengths  will  not  on  the  average  exceed 
±  0-05"",  or  1/2  000  000th  part  of  their  length. 

{17)  Practical  form  of  equations  of  tapes. — For  the  purposes  of  com- 
putation it  is  most  convenient  to  combine  the  products  of  the  mean 
temperatures  by  the  rates  of  expansion  in  equations  (7)  and  (8),  of 
section  14,  with  the  mean  excesses  over  20^17.  Thus,  making  this  com- 
bination, omitting  the  probable  errors,  and  adding  the  numerical  value 
of  ^1,  as  given  in  Chapter  11,  section  23,  we  have 

mm,  mm, 

T»  =  20  B„  +  3-86  +  10947^, 
Tn  =  20  B„  +  6-31  +  10914^, 
B„  =  5"  -  18-0'^, 
Standard  tension  =  25  pounds  9  ounces. 

In  these,  t  is  expressed  in  degrees  of  the  centigrade  scale,  and  Bu  is 

8.  Ex.  37-28 
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the  length  of  the  steel  6"  bar  No.  17  when  in  melting  ice.    Introdneing 
the  vahie  of  ^i?  there  result,  finally,  for  the  equations  of  these  tapes 

ni,       inM»  mm, 

Tes  =  100  +  3-50  +  l-0047«, 
Tsfl  =  100  +  5-95  +  1-00 '  4e, 
Standard  tension  =  25  pounds  9  ounces. 
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CHAPTER  V, 
BEMENT  OF  HOLTON  AND  ST.  ALBANS  BASES  WITH  THE 

Tape  Apparatus. 

a. — holton  base  measurement. 

ocation  of  hose  a/iid  preparation  for  measurement. — Holton  Base 
\  in  the  Transcontinental  Chain  of  Triangnlation  along  or  near 
ty-ninth  parallel  of  latitude.  It  is  situated  near  the  village  of 
Eipley  County,  Ind.  It  is  about  5  500"*  long,  and  extends  in 
T  north  and  south  direction  across  what  is  known  as  the  Craw- 
ts.  As  will  be  inferred  from  this  designation,  the  ground  along 
3  is  generally  level,  although  a  few  rather  abrupt  changes  in 
t  are  met  in  crossing  the  drainage  courses, 
base  was  located  io  1890  by  Assistant  Mosman,  who  made  a 
nary  measure  of  its  length  with  a  50™  tape  the  same  year.  Early 
)llowing  summer  Assistant  Mosman  set  the  terminal  and  section 
)f  the  base  and  provided  all  materials  requisite  to  the  measures 
ith  the  100"»  tapes. 

ig  August,  1891,  the  marking  and  support  stakes  for  the  meas- 
th  the  long  tapes,  were  set  under  the  supervision  of  the  writer. 
)port  stakes  were  set  at  equidistant  intervals  of  10"^  throughout 
'th  of  the  line,  except  on  the  standard  kilometre  section,  where 
5ro9cox)e  posts  for  the  iced-bar  apparatus  rendered  such  stakes 
isary.  The  tapes  were  supported  on  steel  wire  nails  driven  to 
ith  of  2-5<^™  into  the  stakes.  Since  these  nails  projected  horizon- 
nm  the  stakes  for  a  distance  of  about  12®"',  no  great  precision 
lential  in  placing  the  support  stakes  along  the  line.  The  mark- 
kes,  which  fell  100™  apart,  were  aligned  with  considerable  pre- 
and  the  support  nails  were  placed  at  closely  equal  intervals  of 
the  method  explained  in  section  5,  Chapter  iv. 
Measurements  of  the  sections  of  the  base.  —Since  the  tape  apparatus 
SIS  new  and  untried,  except  in  the  experiments  of  the  Botanical 
I  and  in  the  comparisons  on  the  100™  comparator,  it  was  essen- 
\  considerable  extent  to  develop  the  methods  of  operation  suit- 
field  measurement  as  the  work  i>rogressed.  At  the  same  time 
is  work  was  under  way,  the  work  of  tape  comparisons,  and  the 
ition  for  and  measurement  of  the  standard  kilometre  with  the 
r  apparatus,  were  also  in  progress;  while  the  employes  of  the 
rere  often  needed  for  other  work  conducted  by  Assistants  Mos- 
d  Tittmann.  Hence  no  attempt  was  made  to  measure  the  whole 
1  any  one  date;  but  the  various  sections  were  measured  from 
\  time  as  opportunities  occurred.    The  earliest  measures  were 
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made  on  the  section  5  OOO"*  to  5  500""  during  the  last  days  of  Angnst, 
1891,  and  the  work  continued  at  intervals  until  October  Sy  1891.  The 
several  sections  were  measured  from  six  to  thirty  times  each,  the 
largest  number  of  measures  being  made  on  the  kilometre  section,  whom 
precise  length  was  designed  to  give  a  thorough  test  of  the  effectiveDess 
of  tape  apparatus. 

Most  of  the  measures  of  the  sections  were  made  at  night,  but  a  con- 
siderable number  also  were  made  during  cloudy  or  partly  cloudy  days. 
Some  of  the  latter  were  made  under  circumstances  of  wind,  rain,  and 
sunshine,  which  would  now  be  considered  quite  unfavorable;  but  since 
it  was  desired  to  learn  as  much  as  practicable  in  the  allotted  time  con- 
cerning the  behavior-of  the  tapes,  a  wide  variety  of  circumstances  ires 
purposely  encountered. 

In  general,  the  measures  were  made  by  laying  each  tape  length  once 
as  the  work  proceeded  along  a  section.  In  a  few  cases,  however,  the 
experiment  was  tried  of  laying  each  tape  length  from  two  to  five  times 
and  reading  the  thermometers  as  many  times;  and  in  order  to  make 
these  measures  independent,  the  rear  end  of  the  tape  at  starting  was 
placed  successively  in  coincidence  with  marks  a  centimetre  apart.  This 
exx)eriment  served  to  give  an  idea  of  the  error  in  laying  or  placing  a 
tape  length. 

In  all  these  measures  but  two  thermometers  were  used,  and  these 
were  read  but  once  for  each  tape  length.  When  a  sufficient  number  of 
operatives  were  available  the  thermooieters  were  carried  and  read  by 
observers  who  did  naught  else  but  assist  in  carrying  the  tape.  At 
other  times  the  thermometers  were  carried  and  read  by  the  observes 
who  fixed  the  ends  of  the  tape.  In  the  former  case,  the  thermometers 
were  held  at  arm's  length  by  light  strings  so  that  the  bulbs  were  near 
to  and  at  about  the  same  height  from  the  ground  as  the  tape;  while  in 
the  latter  case  the  thermometers  were  suspended  fioin  a  nail  or  brad- 
awl attached  to  a  support  stake  so  as  to  fall  in  about  the  same  rdative 
position  with  respect  to  the  tape  as  before.  In  both  cases,  the. ther- 
mometers were  placed  at  20°>  from  the  tape  ends.  The  same  thermome- 
ters used  in  the  determinations  of  length  of  the  tapes  on  the  100"  com- 
parator were  used  also  in  the  field  measures,  and  the  thermometer 
corrections  given  in  section  10,  Chapter  rv,  were  applied  in  computing 
the  tape  temperatures  for  these  measures.  , 

In  all  measures  of  the  sections  of  Holton  Baae,  Mr.  J.  8.  Siebert  was 
the  observer  at  the  rear  end  of  the  tape  and  B.  S.  Woodward  at  the 
front  end.  During  the  earlier  measures  the  temperatures  were  observed 
for  the  most  part  by  Messrs.  O.  H.  Tittmann  and  J.  F.  Hayford.  The 
records  were  kept  by  Messrs.  Hayford  and  Robert  Penington. 

{3)  Determination  of  grade  corrections. — ^The  differences  in  height  of 
the  marking  stakes  or  tables,  essential  to  the  computation  of  grade 
corrections,  were  measured  in  duplicate  by  Messrs,  J,  S,  Siebert^  Th. 
Ojertsen^  and  J*  F*  Hayford, 
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The  method  of  computing  grade  corrections  from  snch  data  is  very 
simple  and  easy.  Thus,  let  h  be  the  difference  in  altitude  of  two  con- 
secutive marking  tables,  or  what  is  essentially  the  same  thing,  the 
difference  in  altitude  of  the  two  ends  of  the  tape  when  placed  in  meas- 
urement over  these  tables.  *  Let  8  be  the  length  of  the  tape  or  right 
line  distance  between  its  terminal  graduations  when  in  place  over 
these  tables.  Then  if  we  call  o  the  grade  correction,  or  the  quantity 
which  must  be  added  to  «  to  give  its  horizontal  projection, 


whence 


Since  8  is  in  general  large  in  comparison  with  hj  this  series  for  e  con- 
verges very  rapidly.    For  a  100*°  tape 


Ss^ 


<  0-01"™  for  h  <  2-9°», 


Values  of  A  as  great  as  3^  are  rarely  met.    Hence  for  such  length  of 
tape,  in  nearly  all  cases, 

e  in  millimetres  =5{hm  metres)'. 

The  grade  corrections  for  the  sections  of  Holton  Base  were  computed 
in  the  field  by  J.  S.  Siebert  and  B.  S.  Woodward,  and  revised  subse- 
quently, in  1892,  by  M.  V.  Safford  and  Woodward.  Table  I  following 
gives  the  grade  corrections  for  the  several  sections  of  the  base.  The 
zero  end  of  the  line  is  here  taken  as  coincident  with  its  southern  ex- 
tremity, or  South  Base.  The  section  3900"  to  4900"  is  the  standard 
kilometre  measured  with  the  iced  bar  apparatus. 

Table  I. — Grade  corrections  for  sections  of  Holton  Base, 


Section. 
0^-  laoo". 

Section 
xaoo"-aioo'". 

Section 
aioo*-3ooo". 

Section 
3ooo"-39oo". 

Section 
39oo"-4goo-. 

Section 
49oo"-5ooo*. 

Section 
5o«o*-55oo". 

mm, 
— 25*02 

mm. 
—1-64 

mm. 
—5-92 

mm. 
—49-83 

• 
mm. 

—5*39 

mm. 
—0-84 

mm. 
—872 

(4)  Correction  for  index  error  of  balances. — If  the  spring  balance  used 
to  give  tension  to  the  tape  is  adjusted  to  give  correct  tensions  when 
in  a  vertical  position,  it  will  indicate  (by  its  face  readings)  less  than  the 
actual  tension  when  in  a  horizontal  position.  Such  balances  are  liable 
also  from  wear  and  other  causes  to  have  an  appreciable  index  correction. 

To  determine  the  actual  tension  in  any  case  with  such  balances,  let 
r  be  the  index  correction.  It  is  the  reading  of  the  index  when  the  bal- 
ance is  vertical,  hook  end  down,  and  without  load  on  the  hook;  it  is 
minus  when  the  index  reads  greater  than  zero  and  pltts  when  it  reads 
less.    Let  B  be  the  reading  of  the  index  when  the  balance  \&  ^U9k^^\^5ift^ 
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by  its  hook,  hook  end  up.  Let  W  be  the  total  weight  of  the  balance 
found  by  weighing  it  on  another  balance.  Then  if  Ti  denote  the 
observed  or  face  reading  of  the  balance  when  horizontal  and  T  denote 
the  corresponding  actual  tension — 

T=T,  +  r  +  i(Tr-jB-r) 

=  Ti  +  J(W^i2  +  r). 

The  standard  tension  adopted  in  all  the  base-line  measures,  as  well 
as  in  all  the  determinations  of  the  tape  lengths  on  the  100™  comparator, 
is  25  pounds  9  ounces,  this  being  the  value  of  T  when  the  balances  are 
horizontal,  when  they  are  free  from  index  error,  and  when  they  read 
25  pounds  even.  We  are  concerned  here,  then,  only  with  the  excess  of 
the  actual  over  the  observed  or  nominal  tension  in  any  case;  bat  in 
order  to  show  the  data  for  these  excesses,  which  apply  to  the  tapewm- 
parisons  as  well  as  to  the  measures  of  the  sections  of  the  base,  we  give 
the  observed  values  of  TT,  B^  and  r  and  the  resulting  valties  of 
i ( TT—  iJ  +  r)  for  both  balances  in  full  in  Tables  II  and  III  following. 
The  last  column  of  these  tables  gives,  also,  the  corre8X)onding  correc- 
tions to  the  standard  length  of  the  tape. .  These  corrections  are  fonnd 


fJma 


by  multiplying  the  excess  of  i(W  —  B  +  r)  over  9  ounces  by  O'04'i 
the  observed  elongation  of  the  tape  per  ounce  excess  in  tension  wlien 
the  actual  tension  is  near  to  the  standard  value,  25  pounds  9  ounces. 
Later  determinations  of  this  constant  indicate  that  it  should  be 
increased  to  about  0*050™"  per  ounce,  but  the  value  given  above  was 
used  in  the  actual  computation.    (See  section  5,  Supplement  B.) 

It  should  be  observed  that  the  value  +  0-16'""'  was  used  in  the  com- 
putations for  the  correction  to  the  tape  length  when  under  tension  of 
balance  No.  52  for  the  dates  August  0  to  September  18, 1891,  and  the 
mean  value  4.  0-44'""»  for  the  dates  September  25  to  Octobers.  Id 
addition,  it  may  be  remarked  that  the  variations  in  the  values  of  1^ 
and  B  were  due  partly  to  the  occasional  removal  of  the  extra  hooks 
from  the  balances,  while  the  large  change  in  r  in  the  case  of  No.  52  was 
the  result  of  an  aecident  to  that  balance.  It  was  used  but  little  after 
this  accident,  although  the  computed  correction  due  to  it  in  this  case 
could  have  given  rise  to  no  appreciable  error. 

Table  II. — Data  for  tensions  by  spring  balance  Ifo.  52. 


Date. 

w 

R 

r 

\{IV-R^r) 

Resulting 
correction  to 
tape  length. 

1891. 

Ounces. 

Ounces. 

Ounces. 

Ounces. 

Miiiimetret. 

Aug.      6 

50-0 

320 

o-o 

+  90 

-f-000 

c    .     ^° 

49*5 

280 

--3-5 

12-5 

+    16 

Sept.      3 

44*5 

235 

4-3-2 

I2'I 

H-  -15 

x8 

450 

235 

-f3'2 

12*4 

+   16 

n.      ""^ 

44-2 

170 

+9-8 

18-5 

+  -45 

Oct       3 

490 

22*2 

+95 

181 

+  -43 

I 
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Tape  measures  of  Holton  Base, 
Table  III. — Data  for  tensions  by  spring  balance  Ifo.  53. 


Resulting 

Date. 

ly 

R 

r 

i(,iy-.RJfr) 

correction  to 
tape  length. 

1891. 

Ounces. 

Ounces. 

Ounces. 

Ounces. 

Miilimelres. 

Aug.      6 

500 

35-5 

-3*5 

-f5-S 

— 0'i6 

30 

49/5 

35*2 

—30 

5-6 

•16 

Sept.    25 

49-2 

350 

—30 

S-6 

-  -16 

Oct.        3 

445 

302 

-3-2 

S-6 

—  -16 

8 

44-8 

30-2 

—3-5 

5-6 

—  -16 

(6)  Specimen  of  record  and  computation, — A  form  of  record  suitable 
or  tape  measures  will  readily  suggest  itself  to  the  reader;  but  for  the 
;ake  of  completeness,  aud  in  order  to  present  data'  for  the  computa- 
ion  of  the  measured  value  of  a  section,  a  specimen  of  the  records 
actually  made  in  the  Holtou  Base  work  is  given  below  in  Table  IV: 

Table  IV. — Specimen  of  Record.    Holtoti  BasCj  September  8, 1691. 

[Measure  of  standard  kilometre.] 


No.  of 

Time  of 
day. 

Thermometer  readings- 

Remarks. 

tape 
length. 

No.  5601. 

No.  5599. 

Mean  /. 

I 
2 

3 

4 

5 

6 

7 

8 

9 
10 

6-37 
-42 

•46 
•50 

•53 
-56 

•59 
7-05 

•09 

•12 

13-4 
136 

13-3 
130 

12-8 
12*4 

12-4 
12*6 

1 1-8 

12*1 

130 

13-3 
13-5 

132 

13a 
12-3 

12*6 

12-7 
123 

12*5 

13-20 

1345 
1340 
13-10 
13-00 
12-35 
12-50 
12-65 
12-05 
12-30 

Steel  tape  No.  88.    Tension  25  pound.5 

by  balance  No.  52. 
Index  correction  -|-3*2  ounces. 

Measure  begins  at  south  end  of  kilo- 

metre. 
Cloudiness  0-0. 

Set  back  ioo-o"»  at  rear  end  of  No.  3. 
Set  back    8o-2"»  at  rear  end  of  No.  8. 
North   end  of    loth  tape    length  was 

io-6«»  north  of  terminal  mark. 

The  computation  of  the  length  of  the  standard  kilometre  from  the 
lata  given  in  the  above  table  may  be  made  as  follows: 

The  actual  or  working  length  of  the  tape  T,  say,  may  be  most  con- 
veniently expressed  in  the  form 

T=A  +  a+at^ 

therein  A  is  the  nominal  length  of  the  tape,  a  round  number  ot 
netres  or  lengths  of  some  standard;  a  is  a  small  excess  over  that 
ound  number;  a  is  the  rate  of  expansion  of  the  tape,  and  t  is  the 
ape's  temperature  in  degrees  centigrade.  Then  the  sum  of  N  such 
engths,  t  being  supposed  to  vary  from  one  length  to  another,  will  be 

Co  this  sum  must  be  apx)lied  the  sum  of  the  set-ups,  the  sum  of  the 
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end  corrections,  and  the  grade  correction  for  the  whole  section  of  A' 
tape  lengths.  \ 

Thus,  to  illustrate  by  means  of  the  data  in  Table  IV  above,  we  have, 
first,  from  section  17  of  Chapter  IV,  for  the  length  of  tai)e  No.  88, 

for  the  standard  tension  of  25  pounds  9,ounces.  The  tension  in  this 
case  was  3*2  ounces  in  excess  of  the  standard  value,  and  hence  the 
tape  was,  as  explained  in  section  4  above,  0*16"*°^  longer  than  the 
standard  length  just  given.    We  have,  therefore, 

A  =  20B„, 

a  =  +  6'31°>»  +  0-16"»"»  =  +  6'47"», 

a  =  1'0914"», 

^=10. 

Likewise,  from  Table  IV,  the  sum  of  the  observed  temperatnreB  ifl 
128'00°,  and  the  sum  of  the  corrections  to  this  for  errors  of  the  ther- 
mometers used  is  —  2*120,  as  found  from  the  table  of  thermometer  cor- 
rections given  in  section  10,  Chapter  IV;  so  that  there  results 

2t  =  126-88<'. 

The  several  terms  of  the  computation  are,  then,  the  following: 

yA  =  200B,jj 

Na  =  +  64-70™, 

a2t  =  +137-39, 

Sum  of  set-ups  =  -180-20, 

Sum  of  end  corrections  =  —  10*60, 

Orade  correction  =  —    6-39, 

Resulting  length  =  200JB|„  +    5-90. 

In  this  particular  case  a  correction  of  —  0-4"»"  is  to  be  added  to  tt^^ 
resulting  length  in  order  to  refer  it  to  the  kilometre  as  measured  wit^^ 
the  iced-bar  apparatus,  the  reference  marks  for  the  tape  measures  ha^^^ 
ing  been  to  that  extent  eccentric  with  respect  to  the  terminal  cut-o^^ 
spheres. 

The  computations  of  the  lengths  of  the  sections  of  Holton  Base  wer^^ 
made  in  the  field  in  1891  by  Messrs.  Siebert,  Hayford,  and  Woodwards 
They  were  revised  in  1892  by  Messrs.  Safford  and  Woodward. 

(6)  Results  of  the  measures  of  the  sections  of  Holton  Base. — ^Table  V^ 
following  gives  all  of  the  results  obtained  from  the  various  measures 
of  the  several  sections  of  Holton  Base.  The  first  column  of  the  table 
gives  the  date  of  the  measure;  the  second,  the  time  of  day  when  the 
measure  was  made;  the  third,  the  number  of  the  tape  used;  the  fourth, 
the  direction  in  which  the  measure  proceeded;  the  fifth,  the  mean  tern- 
I)erature  of  the  tape  for  the  measure;  the  sixth,  the  temperature 
range  for  the  measure,  or  the  difference  between  the  highest  and 
lowest  observed  temperatures;  the  seventh  indicates  by  the  letters 
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Tape  measures  of  Holton  Base. 

F,  E,  V  whether  the  temperature  was  falling,  rising,  or  variable  during 
tlie  course  of  the  measure;  the  eighth  gives  the  degree  of  cloudiness, 
estimated  on  a  scale  of  tenths;  and  the  ninth  column  gives  the  length 
of  the  section,  computed  in  the  manner  explained  above,  in  terms  of 
the  iced  bar  £,7,  the  excess  over  a  round  number  of  tape  or  bar  lengths 
having  been  measured  with  a  millimetre  scale.  Results  for  length 
obtained  from  measures  made  before  sundown  are  inclosed  in  square 
brackets. 

Table  Y. — Results  of  measures  of  Holton  hose. 

f Section  sottth  base  to  i,aoo"  stone,  840  ^17.] 


Date. 


189I. 
Sept      I 

4 

4 
16 

16 

16 

16 


Time  of  day. 


5-55-  ^39  P-  m- 
8:04—  8:44  a.  m. 

8:52-  9:46 

7:03-  7:56  p.  m. 
8:12-  8:59 
9:20-10:07 
10:14-11:03 


No. 
of 

tape 
used. 


88 
88 
88 
88 
88 
88 
88 


Direction  of 
measure. 


S.  to  N. 
N.      S. 


S. 

N. 
S. 
N. 
S. 


N. 
S. 
N. 
S. 

N. 


Mean 
tempera- 
ture. 


1777 
1390 

15*44 
19*20 

18-25 

18-03 

18*42 


Tem- 
pera- 
ture 
range. 


41 
0*9 

4*9 
1-4 

1-2 

1-8 

2-8 


Tempera- 

ture fall- 

Cloud- 

iness. 

vari- 

able, V. 

F 

O-o 

F 

I-O 

R 

I'O 

F 

o*o 

F 

O'O 

F 

o-o 

R,F 

O'O 

Length  of 
section. 


tntn. 
+  41*3 

[i8-ij 
3>*4 

385 
282 

320 


[Section  i,aoo*  stone  to  3,100"  stone,  t8o  Bif."] 


2 

3 


5:59-  6:25  p.  m. 
4:46-  5:09 
9:52-10:30  a.  m. 

6:53-  7*25  pm. 
7:44-  8:15 

8:24-  8:58 

9:07-  9:34 

9:40-10:10 


88 
88 
88 
88 
88 
88 
88 


S.  to  N. 
N.      S. 


S. 
N. 
S. 
N. 
S. 
N. 


N. 

S. 

N. 

S. 

N. 

S. 


19-10 

2-6 

F 

0'2 

18-05 

1-4 

F 

I-O 

1 6-48 

2-6 

F 

1*0 

19-31 

1*2 

V 

0*0 

1 8' 20 

10 

V 

0-0 

17-82 

0-9 

V 

0-0 

1715 

I '6 

F 

0-0 

1674 

2-4 

R 

0*0 

■  23*0 
27*5 

[40-5] 

277 
27-4 

29-0 

26*9 

26-0 


[Section  9,ioo"  stone  to  3,000*  stone,  180  Bif.] 


3:ol-  2:30  p.  m. 
4:21-  4:42 
10:3 "^-11:09  a.  m. 
7:40-  8:33  p.  m. 
8:47-  9:23 
7:50-  8:17 
8:30-  9:06 


88 
88 
88 
88 
88 
88 
88 


S.  to  N. 

N.      S.' 


S. 

N. 

S. 

N. 

S. 


N. 

S. 

N. 

S. 

N. 


23*92 

19-69 
i6*i6 

3*4 
o*8 

1*1 

F 
F 
V 

08 
0'9 

I'O 

17-82 

1-8 

V 

o-o 

17*16 

1*9 

F 

0-0 

18-33 

1-4 

F 

o-o 

17-07 

09 

V 

o-o 

-f[52-8 
62.0 
58'0 
709 
71-4 

73*3 
681 


(Section  3,000"  stone  to  3,900"  stone,  180  Bif.] 


2:41-  3:33 
3:35-  4:12 

6:38-  7:37 
9:32-10:16 
6:48-  7:32 

9*M-  9:55 


p.  m. 


88 
88 
88 
88 
88 
88 


S.  to  N. 
N.      S. 


S. 

s. 

N. 
S. 


N. 
N. 
S. 
N. 


23*45 
21*98 

18*62 

16-51 

18-56 

16-25 


1*7 
2-4 

17 

30 

1-3 
2*2 


V 
F 
V 
F 
V 
F 


0-7 
0-9 

O'O 
O'O 

o*o 

O'O 


+  [80] 

•S7j 


[1 


22'3 

i8'4 

20'8 

19*3 
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Table  V. — Results  of  measures  ofHolton  Base — Continued. 


[Section  3,900"  stone  to  4,900*  stone,  or  standard  kilometre,  aoo  Bit.} 


Date. 


1891. 
Sept.     8 
8 
8 

23 
23 
23 
23 
30 
30 


Oct. 


I 
I 
2 

2 

3 
3 
3 
3 


8 


8 


Time  of  day. 


5:25-  5:54  p.  m. 

5:58-  (>'33 
6:37-  7:12 

6:27-  7:03 

7:16-  7:49 

7:56-  8:23 

8:37-  9:32 

6:33-  7:11 

7:17-  7:55 

6:50-  7:25 
7:32-  8:07 
6:48-  7:18 
7:25-  7:5s 
2:56-  3:18 
3:26-  3:48 

3:53-  4:13 
4:17-  4:38 


10:02-11:31  a.  m. 


7:44-  8:45  p.  m. 


8:53-  9:58 


No. 
of 

tape 
used. 


88 
88 
88 
88 
88 
88 
88 
88 
88 

85 
85 
85 
85 
85 
85 
85 
85 


85 


88 


88 


Direction  of 

Mean 

measure. 

tempera- 
ture. 

0 

S.  t 

toN. 

14-82 

N. 

S. 

1352 

S. 

N. 

12-58 

N. 

S. 

20-72 

S. 

N. 

19-90 

N. 

S. 

1943 

S. 

N. 

18-65 

N. 

S. 

1394 

S. 

N. 

13-67 

N. 

S. 

18-52 

S. 

N. 

1807 

N. 

S. 

19-88 

S. 

N. 

19-45 

N. 

S. 

2403 

S. 

N. 

2362 

N. 

S. 

28-16 

S. 

N. 

22*66 

(  14*09 
14*22 

N. 

S. 

I  14-20 
14*20 
14*26 

(    6-53 

N. 

S. 

6*54 

6-55 

i    651 

(    575 

S. 

N 

J    584 

587 

I    589 

Tem- 
pera- 
ture 
range. 


Tempera- 
ture fall- 

.  »°&*  ^J 
rising,  R; 

vari- 
able. V. 


30 
1-8 

1*4 

1*4 
1-6 

1-6 

1-8 

2*4 

2-7 


Cloud- 
iness. 


F,R 
V 
F 
V 
V 
F 
V 
R 
F 

F 

V 

V 
R,F 
F.R 
F,R 

F 

V 


F,R 


R,F 


R,F 


o-i 

0-0 
0-0 
0*0 

o-o 

0-0 

o-o 

0-0 
0*0 

o*o 
o-o 
o-o 
o-o 
0-9 
0*9 
o*9 
0-9 


0-8 


Length  o( 
seaiOQ. 


0'2 


0-6 


mm. 


+ 


3*3 

5-5 
2-4 

3-6 
4*3 

VI 
0-1 

0-6 


-  2-3 
-f  1-5 
+  1-4 
+   3-1 

-  [50 


•f  ' 


-14» 
6-9 

— [ill 

—  rQ*6 

-  H 

-[n-9! 

—     VI 

o-i 

17 
ri 
20 
0*9 

1-4 
0-0 


[Section  4,900"  stone  to  5,000"  stone,  ao  B^.l 


Aug.    27 
28 


Oct.      7 


8 


4:24  p.  m. 

7:37 


9*30-  9:55  a-n»- 


10:05-10:08  p.  xn. 


88 
88 


85 


88 


N.  to  S. 
N.      S. 


N.      S. 


N.      S. 


'20-32 

o*7 

11*44 

« 

o-o 

r  14*08 

14-48 

s  14*48 

0*6 

V 

0-8 

13-^3 

I  1403^ 

f    575] 

575 

{    570 

O-I 

V 

0-6 

565 

5-65 

-[524] 

56-9. 
'55-6' 

.55-9 
.55-0 
55-7 
55-3 
557 
55;4 
55-4 


[Section  4,900"  stone  to  5,000"  stone,  loo  Bir.] 


Aug. 


27 
28 

29 

31 
3" 
31 
31 


4:24-  5:10  p.  m. 
7:37-  8:13 
5:58-  6:10 

4:35-  5:07 
5:52-  6:03 

6:07-  6:17 

6:22-  6:33 


88 

88 
88 
88 
88 
88 
88 


S.  to  N. 


S. 

N. 
S. 

N. 
S. 

N. 


N. 

S. 

N. 

S. 

N. 

S. 


20-26 

0-2 

V 

0-7 

1 1  05 

0-8 

F,R 

o*o 

16-12 

30 

F,R 

0-2 

21-67 

1*2 

F 

o*6 

17-92 

1*1 

F 

03 

16-95 

0-8 

V 

0-2 

15-86 

04 

F 

0-2 

+[8039] 
8089 

8o8-3 

[800-4] 

807-6 

808-0 

So8'3 
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(7)  Interpretation  of  results. — It  is  essential  to  a  proper  interpretation 
of  the  results  in  the  above  table  to  state  certain  additional  information 
relative  to  the  conditions  under  which  the  measures  were  made. 

The  day  measures  of  September  3, 1891,  were  made  during  the  after- 
noon of  a  day  whose  earlier  part  had  been  hot  and  sultry.  The  field 
notes  of  the  measures  of  this  day  state  that,  although  the  sky  was  gen- 
erally cloudy,  the  tape  and  thermometers  were  occasionally  exposed  to 
the  direct  rays  of  the  sun.  The  measures  of  September  4  were  made 
while  a  strong  breeze,  rising  to  a  gale  at  intervals,  was  blowing  This 
breeze,  accompanied  by  more  or  less  rain,  sufficed,  at  times  to  blow  the 
tape  when  under  tension  off  its  supports.  For  these  reasons  the  result-s 
of  September  4  can  not  be  regarded  as  at  all  trustworthy  in  compari- 
son with  results  obtained  under  ordinarily  favorable  conditions. 

The  day  measures  of  the  standard  kilometre  of  October  7  were  made 
at  a  time  of  general  cloudiness,  but  the  tape  and  thermometers  were 
exi>08ed  at  intervals  to  direct  sunshine.  When  the  sun  appeared  on 
this  date  the  measures  were  suspended  until  the  clouds  again  cut  off 
his  rays,  but  in  a  number  of  cases  the  later  measures  of  the  set  of  five 
made  on  this  occasion  were  not  completed  before  the  sun's  heat  was 
manifest  in  the  thermometer  readings. 

The  night  measures  were  made,  in  general,  at  times  when  dew  was 
deposited  to  a  greater  or  less  extent  in  open  fields.  The  only  marked 
exception  to  this  rule  applies  to  the  measures  of  the  standard  kilometre 
of  September  23, 1891.  The  night  of  this  day  was  an  unusually  warm 
and  dry  one,  and  the  wooded  portion  of  the  kilometre,  which  is  about 
600™  long,  had  a  notable  store  of  radiant  heat. 

The  measures  of  the  short  section  between  the  4900°^  and  5000°^  stone 
of  August  27  and  28, 1891,  present  a  wide  divergence  from  the  later 
measures  of  the  same  section.  These  earlier  measures  were  the  first 
made  with  the  apparatus  in  the  field,  and  it  was  in  laying  this  par- 
ticular tape  length  that  the  operatives,  with  the  exception  of  Siebert 
and  Woodward,  acquired  their  first  experience.  On  these  dates,  also, 
a  temporary  and  rather  unstable  marking  table  was  used  at  the  4900"^ 
stone,  pending  the  preparation  of  a  rigid  post  which  served  subse- 
quently as  a  microscope  post  at  the  terminus  of  the  standard  kilometre, 
and  as  a  stable  support  for  the  marking  table  used  in  the  tape  measures 
of  September  and  October.  For  these  reasons  the  measures  of  August 
27  and  28  must  be  regarded  as  untrustworthy  iu  comparison  with  the 
later  measures  of  this  short  section. 

All  of  the  measures  save  those  of  August  27  and  28  and  September 
4,  alluded  to  above,  were  made  under  favorable  conditions,  it  is  believed, 
so  far  as  the  manipulation  of  the  apparatus  was  concerned. 

With  these  explanations  in  mind  attention  may  now  be  called  to  a 
marked  peculiarity  exhibited  by  all  the  results  of  the  day  measures 
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except  that  of  Augast  27  of  the  short  section  ^OOO"  to  5000".  A  glance 
at  Table  Y  shows  that  those  results  are  all  small  relatively  to  the 
results  of  the  night  measures  save  in  the  single  instance  noted.  Dis- 
regarding those  measures  of  August  27  and  September  4r,  concerning 
which  there  are  grave  doubts  as  already  explained,  the  discrepancy  in 
question  is  most  marked  in  the  results  of  August  27  and  31  (SectioQ 
5660™  to  North  Base),  September  3  (Section  2100'»  to  3900™),  and  October 
7  (Section  3900"  to  4900™).  It  appears,  also,  from  the  measures  of 
August  31  (Section  5000™  to  North  Base),  September  3  (Section  1200" 
to  2100™),  and  October  3  (Section  3900™  to  4900™),  that  this  discrepancy 
disappears,  or  tends  to  do,  so  with  the  going  down  of  the  sun.  The 
unexx)ected  fact  thus  brought  to  light  is  that  under  the  conditions  pre- 
sented by  the  dates  cited,  the  thermometers  gave  a  temperature  too 
low  for  the  tape  by  amounts  ranging  up  to  about  a  degree  Centigrade 
at  the  maximum.  How  this  fact  is  to  be  explained  I  am  unable  to  say 
at  present,  but  of  its  existence  there  can  be  no  doubt.  It  is  probably 
due  to  the  differing  capacities  of  the  tape  and  thermometers  for  absorp- 
tion and  radiation  under  different  conditions. 

In  view  of  this  peculiarity  of  the  day  measures  it  becomes  essential 
to  inquire  carefdlly  into  the  behavior  of  the  tapes  in  the  night  measaren 
during  which  the  conditions  as  to  radiation  differed  much  less  from 
those  of  the  100™  comparator  whereon  the  tape  equations  were  deter- 
mined. The  data  for  this  inquiry  are  furnished  by  the  measures  with 
the  tapes  of  the  standard  kilometre,  whose  length  was  determined  with 
the  iced  bar,  as  explained  in  Chapter  III,  and  we  proceed  to  examine 
these  measures  in  detail  in  the  following  section. 

(8)  Conclttsions  from  tape  measures  of  standard  kilometre. — In  order  to 
give  a  clear  idea  of  the  perforoiance  of  the  tapes  in  the  numeions 
measures  of  the  standard  kilometre,  a  summary  of  those  measures  is 
drawn  up  in  Table  YI  ibllowing.  The  first  column  of  this  table  gives 
the  date  of  a  set  or  group  of  measures;  the  second  gives  the  limitang 
times  of  the  date  within  which  the  set  of  measures  was  made;  the  third 
gives  the  number  of  measures  in  the  set;  the  fourth  gives  the  mean  of 
the  results  for  length  of  the  kilometre,  and  the  last  column  gives  the 
error  of  the  mean  length  for  any  date,  the  true  length  of  the  kilometre 
being  assumed  to  be  200jBi7 + 0-2'"°*  as  found  from  the  iced-bar  measures 
and  given  in  Chapter  III,  section  12.  The  results  fh>m  the  day  measures 
are  inclosed  in  square  brackets: 
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Table  VI. — Summary  of  results  of  tape  measures  of  kilometre. 


Date. 

Time  of  day. 

No.  of 
measures. 

Mean  length  for 
date. 

Actuat  error 
of  mean. 

# 

189I. 

/.  m. 

mm. 

mm. 

Sept.      8 

5:25-  7:12 

3 

200^,7-f  34 

+    3*2 

23 

6:27-  9:32 

4 

—  2-8 

—    30 

30 

6:33-  7:55 

2 

—  0*2 

—    04 

Oct        I 

6:50-  8:07 

3 

—  0-4 

—    o*6 

2 

6:48-  7:55 

2 

4-    2-2 

-\-      2-0 

3 

2:56-  4:38 
a,  m. 

4 

-[4-4] 

-  [4-6] 

7 

10:02-11:31 
/.  m. 

5 

-[9-8] 

[100] 

8 

7:44-  9:58 

8 

—  0-2 

—    0-4 

fe  is  clear  from  the  results  in  this  table  that  the  errors  of  the  night 
^ares  are  small  in  comparison  with  those  of  the  day  measures. 

mean  of  the  night  measures,  giving  weights  to  the  tabular  means 
portional  to  the  number  of  results  on  which  they  depend,  is  200^,, 
•Q™"»,  which  differs  but  0-2""^  from  the  value  derived  from  the  iced 
measures.  The  maxiinum  error  of  any  group  mean  from  the  night 
sures  is  3'2"",  or  1/300  000th  part  of  the  kilometre;  and  the  aver- 
error  of  such  group  means  (disregarding  weights)  is  only  1«C"^,  or 
K)  000th  part  of  the  kilometre.  On  the  other  hand,  the  day  meas- 
(  are  largely  in  error  and  in  one  direction  only^  the  maximum  error 
ne  group  mean  being  1/100  000th  part  of  the  kilometre. 
\  seems  safe  to  conclude,  therefore,  from  these  measures  of  the 
idard  kilometre,  that  the  temperatures  of  the  tapes  when  used  at 
it  in  the  open  air  were  substantially  as  well  defined  by  the  niercu- 
thermometers  as  when  used  under  the  shed  of  the  100°*  comparator, 
cover,  this  conclusion  is  substantiated  so  far  as  it  can  be  by  the 
Lence  afforded  by  the  measures  of  the  other  sections  of  the  base, 
ch  do  not  present  a  single  well-defined  exception  to  the  rule  that 
day  measures  are  relatively  short. 

1  accordance  with  this  conclusion,  we  shall  use  the  night  measures 
r  in  deriving  the  adopted  mean  lengths  of  the  several  sections  of 
base.  It  may  be  observed,  however,  that  another  method,  which 
3  not  reqtiire  the  rejection  of  the  day  measures,  is  available  for 
determination  of  the  mean  lengths  of  those  sections.  This  method 
aists  in  deriving  the  working  lengths  of  the  tapes  for  the  day  meas- 
}  from  the  day  measures  of  the  standard  kilometre  whose  length 

measured  precisely  with  the  iced-bar  apparatus.    A  glance  at  the 
a  shown  in  Table  V  makes  it  apparent  that  this  method  would  bring 

day  measures  into  close  agreement  with  the  night  measures  of 
section.    The  computation  according  to  this  method  has  been  made, 

the  resulting  mean  lengths  of  the  sections  will  be  given  below. 
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It  will  be  remarked,  also,  that  the  numerous  night  measures  of  the 
standard  kilometre  afford  sufficieiit  data  for  a  good  determiDation  of 
the  equations  of  the  tapes,  especially  for  tape  No.  88,  since  the  tempera- 
ture range  for  it  in  the  kilometre  measures  is  about  lo^  C.  But,a« 
shown  above,  the  equations  of  the  tapes  derived  from  observations  on 
the  100*"  couipajytor  are  in  so  close  accord  with  those  dtita  that  there 
is  no  need  of  appealing  to  them  for  supplementary  information  concern- 
ing the  equations  of  the  tapes  for  the  night  work. 

Finally,  attention  may  be  called  to  the  substantial  agreement  with 
each  other  and  with  the  true  value  of  the  means  of  the  night  measures 
of  the  standard  kilometre  from  the  two  tapes.  These  means  are 
2005,7  +  O-O*""*  for  tape  No.  85  and  200^1^  —  0-2°»™  for  tape  No.  88.  The 
actual  errors  of  these  measures  are  thus,  with  respect  to  the  iced  bar 
value  (200^17  +  0-2"™),  only  +  O*?""*  and  —  0-4™%  which  are  in  each 
case  less  than  th'e  millionth  part  of  the  length  of  the  line. 

(9)  Mean  values  of  lengths  of  sections  of  base. — As  stated  in  the  pre- 
ceding section,  the  lengths  we  shall  adopt  for  the  sections  of  the  base 
will  be  made  to  depend  on  the  night  measures  only,  for  the  reason 
that  these  were  made  under  circumstances  closely  cx)mparable  with 
those  which  obtained  on  the  100™  comparator  in  determining  the  equa- 
tions of  the  tapes.    It  will  be  of  interest,  however,  to  see  to  what  extent 
the  mean  lengths  of  the  sections  and  the  length  of  the  whole  base  would 
be  affected  if  the  day  measures  were  included  and  given  equal  weight 
along  with  the  night  measures.    Likewise,  it  will  be  instructive  to  learn 
the  effect  of  the  inclusion  of  the  results  of  the  day  measures  when  com- 
puted by  means  of  working  lengths  of  the  tapes  derived  from  the  day 
measures  of  the  standard  kilometre.    Accordingly,  the  values  which 
result  from  each  of  these  three  supi)08itions  are  given  in  Table  VII 
following.    The  data  for  this  table  are  derived  from  Table  V.    The  first 
column  designates  the  section  of  the  base.    The  second  column  gives 
the  mean  length  of  the  section  derived  from  the  night  measures  alone, 
these  being  considered  of  equal  weight.    The  third  column  gives  the 
mean  length  of  the  section  derived  by  considering  all  day  and  night 
measures  of  the  same  weight.    The  fourth  column  gives  the  mean  by 
equal  weights  of  all  measures  of  a  section  after  the  day  measures  have 
been  increased  by  0-74™»"  per  tape  length.    The  results  of  Augast  27 
and  28  for  the  short  section  4900"^  to  5  000*"  and  those  of  September  4 
for  the  sections  South  Ba^e  to  3  000"'  are,  however,  excluded  in  the 
first  and  third  of  these  computations  for  the  reasons  given  in  section  ^• 
The  correction  +  0*74"'™  per  tape  length  is  a  mean  of  the  correctio^^* 
fiimished  by  the  kilometre  measures  of  October  3  and  7.    A  more  pt*' 
else  value  might  be  derived,  it  is  believed,  by  making  such  correcti^^ 
depend  on  the  time  of  day,  since  the  evidence  indicates  that  the  err^^ 
in  question  was  due  to  solar  radiation ;  but  the  data  are  insufficient  ^ 
justify  such  a  degree  of  refinement. 
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S*r4lAn  nf  KacJfe 

Mean  of  night 

Meaa,  including  uncor- 

Mean, including  cor- 

rected day  measures. 

rected  day  measures. 

m. 

fntn» 

0tffim 

fftfftm 

)0uthBase-i20O 

240^17 -f    34-3 

240^17+   3i'7 

240^,7+    34*3 

I2OO-2I0O 

180      —   27-0 

180     —   285 

180      —   27-0 

2IOO-3CXX> 

180.     +    70*9 

180      -f   652 

180      +   68-6 

3000-3900 

180        4-     20-2 

180      4-    »7*4 

180      4-    »9'6 

3900-4900 

200    4-    o'o 

200       —       2-3 

200      4-     0'4 

4900-5000 

20      -   55-5 

20       ~     55a 

20      —   55*3 

xx>-North  Base 

100      4-  8o8-3 

100        +  8065 

100      +  807-5 

ith  Base  to  North 

Sase. 

lie  0^,7+  851*9 

IIOOiff,7+  8349 

1100^,7+ 848-1 

will  be  observed  that  the  means  in  the  third  column  of  this  table 
in  every  case  smaller  than  the  corresponding  values  in  the  second 
mn,  so  that  there  can  be  no  doubt  of  the  wide  divergence  of  the 
measures  from  the  night  measures  obtained  with  the  apparatus  as 
I  on  the  Holton  Base.  The  total  length  of  the  base  found  by 
iding  the  day  measures  is  17'0"™  shorter  than  that  found  by  exclud- 
them.  This  ^^mounts  to  1/325  000th  part  of  the  length  of  the 
).  This  total  length,  however,  is  affected  to  a  marked  extent  by 
measures  of  September  4,  made  during  rain  and  wind  as  already 
ained.  These  adverse  circumstances  affbrd  sufficient  reason  for  the 
;tion  of  those  measures;  but  it  is  proper  to  explain  that  the  gen- 
effect  of  the  wind  on  this  date  was  to  increase  the  distance  between 
:;erminal  marks  of  the  tape,  and  hence  to  make  the  resulting  com- 
d  If^ngths  of  the  sections  measured  too  small.  This  arose  from  the 
that  the  wind  blew  briskly  from  a  northerly  direction,  or  nearly  in 
lirection  of  the  base,  and  hence  it  tended  to  straighten  and  thus 
5ase  the  working  length  of  the  tape,  just  as  a  strong  breeze  tends  to 
gliten  a  string  attached  to  a  fixed  point  at  one  end  or  to  render  it 
llel  to  the  direction  of  the  current,  which  is  in  general  horizontal, 
maximum  increase  which  such  a  cause  could  produce  in  the  dis- 
e  between  the  t-erminal  marks  of  the  tape  as  used  is  1*55"".  This 
jase  is  much  greater,  of  course,  than  any  which  is  likely,  but  it 
IB  probable  that  a  quite  appreciable  fraction  of  that  amount  per 
length  entered  as  an  actual  error  into  the  measures  of  the  date  in 
(tion. 

3  to  the  results  in  the  last  column  in  Table  VII,  it  may  be  said  that 
'  agreement  with  those  of  the  second  column  is  fairly  satisfactory. 
>ppears,  however,  that  the  day  measures  are  not  sufficiently 
3ased. 

0)  Errors  of  measurement, — The  errors  which  give  rise  to  the  dis- 
ancies  between  different  results  for  the  length  of  a  line  measured 
L  a  long  tape  may  be  conveniently  divided  into  the  two  following 
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classes:  (1)  Errors  of  manipulation,  or  errors  incident  to  the  mere 
operation  of  placing  or  laying  a  tape  length.  They  include  errors  dne 
to  lack  of  coincidence  of  the  terminal  marks  of  the  tape  with  the  defin- 
ing marks  on  the  zinc  or  other  marking  plates,  errors  due  to  incorrect 
tension  of  the  t-ajie,  errors  due  to  friction  of  the  tape  on  its  supports,  and 
errors  due  to  defective  alignment  of  the  tape.  (2)  Temperature  errors. 
These  include  all  errors  tending  to  give  incorrect  temperatures  to  the 
tax>e,  except  such  constant  errors  of  the  thermometers  as  may  affect  all 
measures  alike. 

Relatively,  the  second  class  of  errors  is  by  far  the  most  formidable, 
since  they  tend  at  times  toward  the  constant  type  of  errors,  but  it  is 
important  also  to  give  such  information  as  is  available  with  respect  to 
the  minor  source.  Accordingly  we  shall  endeavor  to  separate  the  two 
classes  of  error. 

It  may  be  remarked  that  the  errors  of  manipulation  enumerated 
above  are  all  of  the  compensating  sort,  except  that  due  to  defective 
alignment  of  the  tape.  This  error  must,  hdwever,  be  very  small,  since 
flipping  the  tape  when  under  tension  tends  to  make  it  perfectly  straight 
on  its  supports.  Even  if  the  middle  of  a  100"  tape  lay  one  decimetre 
to  one  side  of  the  straight  line  joining  its  ends  (an  error  of  alignment 
which  may  be  regarded  as  impossible)  the  resulting  length  would  be 
in  error 'only  0'2"'"»;  so  that  errors  of  this  kind,  it  is  believed,  are  abso- 
lutely negligible. 

It  appears  from  an  inspection  of  the  results  in  Table  V,  especially 
those  for  the  length  of  the  standard  kilometre,  that  any  set  of  measures 
of  a  section  made  within  a  short  interval  of  tirhe  was  affected  by  more 
or  less  persistent  temperature  errors.  This  is,  as  already  explained, 
very  marked  in  the  case  of  the  clay  measures  as  compared  with  the 
night  measures;  but  the  latter  exhibit  also  some  traces  of  the  Mkme 
sort  of  error,  which  arises,  it  is  thought,  from  the  relatively  constant 
conditions  of  radiation  pertaining  to  any  short  line  during  a  limited 
period  of  time.  The  full  range  of  the  resultant  error  of  measurement, 
therefore,  can  be  expected  to  appear  only  in  numerous  measures  of  a 
section  made  under  widely  varying  conditions.  Measures  satisfying 
this  requirement  were  made  on  the  st'andard  kilometre.  The  various 
measures  of  the  other  sections  of  the  base,  when  taken  as  a  whole, 
satisfy  the  requirement  also,  and  we  thus  have  two  independent  sets 
of  data  for  determining  the  aggregate  probable  error  of  measurement 
of  a  section. 

In  computing  this  error  we  shall  consider  the  night  measures  only) 
since  they  alone,  as  shown  by  the  measnres  of  the  standard  kilometre, 
conform  to  the  adox)ted  equations  of  the  tapes,  and  they  alone  are  used 
in  deriving  the  adopted  length  of  the  base. 

The  standard  kilometre  was  so  accurately  known  from  the  iced  bar 
measures  of  it  that  the  discrepancies  shown  by  the  tape  measures  may 
be  treated  as  actual  errors,  and,  other  things  equal «  as  affording  the 
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best  data  for  estimating  the  probable  error  of  a  single  measure  of  a 
kilometre.  The  residuals  found  by  subtracting  the  iced  bar  value  of 
Ibis  kilometre  (200  £„  +  0*2'"*°)  from  the  several  night  measures,  taken 
individually,  range  from  —  ^-^mm  ^o  +  5-3'"™.  The  number  of  these 
residuals  is  21  and  the  sum  of  their  squares  is  117*2;  so  that  the  proba- 
ble error  of  a  single  night  measure  of  the  standard  kilometre  was 

On  the  other  hand,  if  we  consider  all  the  night  measures  of  the  sev- 
Bral  sections,  including  the  standard  kilometre  (but  excluding  the 
abort  section  of  100"'  for  the  reason  that  one  tape  length  does  not  afiford 
an  opx>ortunity  for  the  development  of  the  errors  in  question),  there 
are  in  all  46  measures  of  6  sections.  These  sections  vary  in  length 
from  dOO"*  to  1,200°*,  and  hence  it  is  essential  to  have  recourse  to  weights 
in  order  to  derive  the  probable  error  of  one  measure  of  a  kilometre. 
Assuming  that  the  resultant  error  desired  is  of  the  compensating  class, 
the  weights  of  the  dififerent  sections  will  vary  inversely  as  their  lengths; 
and  if  we  call  the  weight  of  one  measure  of  a  kilometre  1,  the  weight 
of  one  measure  of  a  section  n  tape  lengths  long  (nlOO"")  will  be  10/n. 
In  order  to  exhibit  the  data  furnished  by  the  several  sections  for  the 
probable  error  desired,  the  details  are  brought  together  in  Table  YlII 
below.  The  first  column  of  the  table  gives  the  designation  of  the  sec- 
tion; the  second  gives  the  number  of  measures  of  the  section;  the  third 
gives  the  range  among  those  measures;  the  fourth  gives  the  weight  of 
the  section;  and  the  fifth  gives  the  sum  of  the  weighted  squares  of  the 
residuals  found  by  comparing  the  individual  measures  of  a  section  with 
their  mean. 


Table  VIII. — Data  for  error  of  measurement 


Section. 

No.  meas- 
ures of 
section. 

Range  of 

results. 

Weight/. 

[/w] 

fn.         tn. 

fHffl. 

o  to  I200 

s 

131 

10/12 

9796 

I300        2I0O 

7 

6*o 

10/9 

2399 

2IOO        3000 

4 

5-2 

10/9 

1540 

3000     3900 

4 

3'9 

10/9 

9'8o 

3900    4900 

21 

9-8 

I 

116-58 

5000      5500 

5 

1-3 

2 

1-82 

The  total  sum  of  the  quantities  [pvv]  in  the  above  table  is  265*55. 
Hence  the  probable  error  of  one  measure  of  a  kilometre  as  shown  by 
them  is 


±  0-6745 


V 


265-55 
40-6 


=:  ±  1'74«*. 


8.  Ex.  37-^29 
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I 

This,  it  will  be  seen,  is  slightly  larger  than  the  valae  deriyed  from 
the  kilometre  measures  alone. 

Now,  by  means  of  this  value  and  the  data  afforded  by  the  determina- 
tions of  the  tape  lengths  on  the  100"^  comparator,  it  is  possible  to 
derive  an  estimate  of  the  magnitude  of  the  error  due  to  manipulation. 
By  reference  to  Chapter  IV,  section  14,  it  is  seen  that  the  error  of  one 
determination  of  a  tape  length  on  the  comparator  was  i  0*20"'",  and 
this  is  due  almost  wholly  to  error  in  the  assigned  temperature  from  the 
mean  of  six  thermometer  readings.  Assuming  that  the  temperatnie 
errors  were  no  greater  in  field  work  than  on  the  comparator,  the  proba- 
ble error  of  one  tape  length  from  the  mean  of  two  in  place  of  six  ther- 
mometer readings  should  be  ±  0'20"»"  y/^  and  hence  the  probable 
error  in  the  length  of  a  kilometre,  or  the  sum  of  10  tape  lengths,  should 

be  ±  0'20"'"  V30  =  i  1'1"»".  Since  the  probable  error  of  measure- 
ment due  to  all  sources  of  error  was  found  above  to  be  ±  l-?™",  at  most, 
we  infer  that  the  probable  error  due  to  errors  of  manipulation  in  one 
measure  of  a  kilometre  is 


tmm 


±   V  (l-7)»  -  (l-l)»  =  ±  1-3' 

It  appears,  then,  that  the  probable  errors  due  to  the  two  classes  of 
error  (error  of  manipulation  and  error  of  temperature)  were  about  equal 
in  the  case  of  the  night  measures  of  Holton  Base.  Some  doubt  may  be 
entertained  as  to  the  correctness  of  the  above  estimate  of  ±  ll""  for 
the  probable  error  due  to  temperature  errors.  Subsequent  experience,  ^ 
on  St.  Albans  Base,  in  1892,  under  somewhat  difierent  conditions,  as 
explained  in  sections  20-27  below,  does  not  confirm  this  estimate,  but 
seems  to  show  conclusively  that  the  error  of  operation  is  quite  negligible 
in  comparison  with  that  of  the  temperature. 

(11)  Probable  errors  of  mean  lengths  of  sections,    (a)  Frobahh  errcrt 
due  to  errors  of  measurement, — The  mean  lengths  of  the  sections  we 
sliall  adopt  are  those  given  in  the  second  column  of  Table  VII  above. 
The  probable  errors  of  these  mean  values  may  be  derived  in  two  ways, 
namely :  First,  by  considering  the  several  measures  of  a  section  by  them- 
selves ;  second,  by  considering  the  measures  of  all  the  sections  as  a  con- 
nected group  of  observations  with  weights  dex>endent  on  the  lengths  of 
the  sections  foi  the  individual  measures  and  weights  dependent  on  the 
numbers  of  niea  ures  of  the  sections  for  their  mean  lengths.    The  data 
for  these  two  pre  >able  errors  for  the  several  sections  and  the  resulting 
values  of  fche  erro.  ^  are  given  in  Table  IX  below.    The  first  column  of 
the  table  designates  the  section;  the  second  gives  the  number  of  meas- 
ures of  the  section  m;  the  third  gives  the  sum  of  the  squares  of  the 
discrepancies  between  the  individual  measures  of  a  section  and  their 
mean,  which  sum  is  denoted  by  [vv\ ;  the  fourth  column  gives  the  weight 
of  the  section  j),  which  is  the  reciprocal  of  the  number  of  tape  lengths 
in  the  section,  unit  weight  being  here  attributed  to  one  measure  of  a 
single  tape  length,  or  100"';  the  fifth  column  gives  the  sum  of  the 
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weighted  squares  of  the  residuals,  or  [pvv]^  and  the  last  two  columns 
g^ve  the  probable  errors  of  the  mean  values  of  the  sectious  computed 
&om  the  formulas 


(1)  =  ±  0-6745    /_[^J1_  ,  and  (2)  =  ±  0-6745    /    t?^^^i?L_. 
^  Vw(w-l)  ^  V  my  (51-7) 

Table  IX. — Data  for  and  probable  errors  of  mean  lengths  of  sections. 


Probable  error. 

Section. 

No.  meas- 
ures m. 

ivv] 

Weight/. 

[/rtr] 

(0 

(a) 

#jj»      w. 

• 

iHfn. 

MM. 

0~I200 

5 

117-55 

I/I2 

9-55 

4-1-64 

_ 

-0«8i 

I200-2IOO 

7 

2159 

V9 

2-40 

::  -48 

- 

z    59 

2100-3000 

4 

1385 

1/9 

»-54 

i:  73 

- 

I  78 

3000-3900 

4 

882 

»/9 

098 

Z-.    58 

- 

:78 

3900-4900 

21 

116-58 

I/IO 

11-66 

±•36 

; 

t    36 

4900-5000 

5 

0-14 

I 

0*14 

±  -06 

- 

b  -23 

5000-5500 

5 

091 

1/5 

o-i8 

±  -15 

F  52 

It  will  be  observed  that  the  probable  errors  in  the  last  two  columns 
of  the  above  table  agree  fairly  well,  and  thus  justify  the  assumption 
that  the  errors  of  measurement  with  the  tape  apparatus  are  of  the  com- 
pensating sort,  or  that  the  aggregate  error  of  measurement  increases 
as  the  square  root  of  the  distance  measured.  We  conclude,  also,  that 
the  probable  errors  (2)  are,  on  the  whole,  the  more  trustworthy,  since 
they  are  not  unduly  affected  by  the  excessively  large  or  the  excessively 
small  errors  which  appear  in  the  measures  of  some  of  the  sections. 

The  probable  error  of  laying  a  single  tape  length,  as  shown  by  the 
process  (2),  is  ±  0-524"*'".  Hence  the  probable  error  of  one  measure  of  a 
kilometre  is,  by  this  process, 

±  0-524">"  V 10  =  it  1*66""»  J 

and  this  may  be  regarded  as  the  most  trustworthy  value  afforded  by 
the  measures  of  Holton  Base. 

The  probable  error  of  measurement  in  the  whole  length  of  the  base 
is,  if  we  regard  the  meastlres  of  the  different  sections  as  wholly  inde- 
pendent, the  square  root  of  the  sum  of  the  squares  of  the  probable 
errors  (1)  in  Table  IX.  This  value  is  ±  1-99™™.  On  the  other  hand,  by 
the  process  (2)  the  probable  error  of  the  whole  length  of  the  base  is 


±  0-524"™f  g- 


9      9     10      1        \ 

+  7  +  4+4+21+5  + V  =='=^*^^"" 


These  are  equivalent  to  the  1/2  770  000th  and  the  1/3  330  000th  part, 
respectively,  of  the  whole  base. 
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(b)  Probable  errors  due  to  errors  of  tape  f^npfA*.— The  probable  error 
of  the  absolute  length  of  either  of  the  100°*  tapes  used  iu  the  measures 
of  Holton  Base  may  be  taken  as  not  exceeding  i  0*05"'",  as  shown  by 
the  discussion  in  section  16,  Chapter  lY;  and  we  shall  adopt  this  lim- 
iting value  in  computing  the  probable  errors  of  the  absolute  length  of ' 
the  sections.  Multiplying  this  error,  ±  0*05°*™,  by  the  numbers  of  tape 
lengths  per  section,  there  result  for  the  probable  errors  of  the  several 
sections  from  this  source 

9lt.         911.  MVH, 


Section  0-1200  ±  0 
1200-2100  ± 
2100-.3000  ± 
3000-3900  ± 
3900-4900  ± 
4900-5000  ± 
6000-5500  ± 


60, 
45, 
45, 
45, 
60, 
05, 
25. 


It  is  worthy  of  remark  that  these  errors  are  in  every  case  but  one 
smaller  than  the  en-ors  of  measurement  shown  in  Table  IX  above.  The 
exceptional  case  is  that  of  the  standard  kilometre,  whose  adopted  mean 
length  depends  on  twenty-one  measures.  The  probable  error  of  the 
whole  base  due  to  this  source  is  ±  55  x  0-05""»  =  ±  2-75"»'",  or  1/2  000  000th 
part  of  the  base. 

(12)  Adopted  lengths  and  errors  of  sections. — ^CoUecting  the  mean 
lengths  of  the  sections  given  in  the  second  column  of  Table  VII,  aud 
combining  the  probable  errors  iu  the  last  column  of  Table  IX  with  those 
given  under  (b)  of  the  preceding  section,  there  result  for  the  lengths  we 
adopt  for  the  several  sections 

m,       m.  mm.      mm. 

Section        0-1200  =  2405,,  +  34-3  ±  1-01, 

1200-2100  =  180       -  27-0  ±    -75, 

2100-3000  =  180       +  70-9  ±    -90, 

3000-^900  =  180       +  20-2  ±    -90, 

3900-4900  =  200       +  00 ±    -62, 
4900-5000=   20       -   65-6  ±    -24, 

5000-5500  =  100       +  808-2  ±    -58, 
B,,  =  5'«  -  18-0^. 

(13)  Adopted  length  and  probable  error  of  Holton  Base  as  measured 
with  the  tapes. — The  length  we  adopt  for  Holton  Base  as  measured  (not 
reduced  to  sea  level)  is  the  sum  of  the  lengths  of  its  parts  given  in  the 
preceding  section;  that  is, 

11005,;  +  851-9«"'», 
wherein 

B^j  =  5°»  - 18-0.^ 

The  probable  error  of  this  value,  so  far  as  it  depends  on  errors  of  meas- 
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nrement  or  those  deyeloi>e(l  in  the  repeated  measures  of  the  sections, 
is  given  under  (a)  of  section  12  as  ±  1'99""  or  l'G5'"'",  according  as  we 
adopt  the  process  (1)  or  the  process  (2)  of  that  section.  The  probable 
error  in  the  whole  length  due  to  error  in  the  adopted  tape  lengths  is, 
as  stated  in  (6)  of  section  12,  ±  55  x  0-05'°«"  =  ±  2-76">". 

It  remains  to  consider  the  possible  effects  of  errors  of  grades  and 
alignment.  These  errors,  though  quite  negligible  in  the  length  of.  a 
single  section,  may  ^et  rise  to  an  appreciable  quantity  in  the  length  of 
the  whole  base. 

As  to  errors  in  grade  corrections,  it  will  be  observed  that  they  are 
of  the  compensating  class,  since  errors  in  determining  the  differences 
in  altitude  of  consecutive  marking  tables  are  as  likely  to  be  of  one  sign 
as  another.  The  grade  correction  c  for  any  tape  length,  as  explained 
in  section  3,  is  given  by 

h^ 
^=-"2S' 

where  h  is  the  difference  in  altitude  of  the  two  ends  of  the  tape  and  s 
its  length.    The  effect  of  an  error  JA  in  h  is  expressed  by 

h  J/ 

Jc  =  —  2~  2^*  =  ""  ^^  If 

For  a  constant  value  of  JA,  therefore,  the  value  Jo  will  vary  as  h.  The 
greatest  value  of  h  for  the  tape  lengths  on  Holton  Base  was  1*72°>, 
giving  rise  to  a  value  of  14*79°»"»  for  e.  Since  the  values  of  h  were 
measured  by  two  different  observers  at  different  times,  and  since  all 
discrepant  values  were  redetermined,  it  seems  impossible  that  an  error 
as  great  as  2^^  could  have  entered  any  adopted  h.  In  the  case  of  the 
above  maximum  value  of  A,  the  error  in  c  due  to  an  error  J&  =  2<^" 

would  be 

Ac  =  (14-79™)  X  4/172  =  0-34' 


Imm 


The  average  value  of  h  for  the  base  was  less  than  0-4"^,  so  that  the 
average  correction  for  grade  was  thus  less  than  0*8™*"  per  tape  length. 
Hence,  since  the  errors  under  consideration  are  of  the  compensating 
9prt,  it  is  believed  that  their  aggregate  effect  on  the  whole  line  was 
inappreciable. 

Errors  of  alignment  in  tape  measures  may  manifest  themselves  in 
two  ways.  In  the  first  place,  the  tape  as  stretched  from  length  to 
length  may  not  be  parallel  to  the  base.  A  lack  of  parallelism  with  the 
base  to  the  extent  of  a  decimetre  in  the  length  of  a  tape  100*°  long 
would  give  rise  to  an  error  of  O'OS"™.  Similarly,  any  departure  of  the 
tape  from  a  vertical  plane  through  its  ends  would  give  rise  to  an  error 
of  the  same  sort  and  sign.  In  the  second  place,  any  imperfections  in 
the  alignment  of  the  support  nails  to  a  uniform  slope  for  any  tape 
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length  would  also  produce  a  cumulative  error.  Both  of  these  align 
ment  errors  make  the  measured  length  of  the  ba«e  too  great  Both 
errors  are,  however,  very  small.  An  error  as  great  as  0*2""  from  crook- 
edness of  the  tape  with  respect  to  a  vertical  plane  through  its  ends  is, 
it  is  thought,  of  very  rare  occurrence.  Errors  due  to  defects  in  setting 
the  support  nails  to  a  uniform  grade  must  be  smaller  per  tape  length 
than  the  former  and  of  still  rarer  occurrence.  The  method  of  setting 
the  support  nails  is  so  easy  and  accurate  that  an  error  in  position  as 
great  as  1*'"  can  arise  only  through  accidents  or  blunders. 

Notwithstanding  the  indications  that  the  errors  in  grades  and  align- 
ment are  negligible,  we  shall  attribute  ±  1"^  as  a  probable  error  to 
each  of  these  sources,  since  it  is  possible  that  some  blunders  occarred 
in  this  first  application  of  the  method  and  apparatus. 

With  respect  to  the  two  errors  of  measurement,  ±  1*99""  and  i  1"65™, 
given  above,  we  shall  adopt  the  larger,  in  order  that  the  precision  may 
be  underestimated  rather  than  overestimated. 

Collecting  the  several  independent  probable  errors,  which  are  to  be 
combined  to  produce  the  resultant  probable  error  of  the  base,  we  have 
the  following  statement: 

Probable  error  due  to  errors  of  measurement  ±  1'99"™, 
Probable  error  due  to  errors  in  grade  ±  1*00, 

Probable  error  due  to  errors  of  alignment       ±  l-OO, 
Probable  error  due  to  errors  of  tape  length     ±  2- 75. 

Taking  the  square  root  of  the  sum  of  the  squares  of  these,  there 
results  for  the  total  probable  error  of  the  base  as  measured  with  the 
tapes 

±  3-68""". 

This  is  equivalent  to  the  1/1  500  000th  part  of  the  base. 

For  the  measured  length,  then,  of  Holton  Base,  when  expressed  in 
terms  of  the  International  Metre,  we  may  write 

1100-B,7  +  851-9"»»  +  3-08™ 
=  5500-832°»  ±  3-68°>°>. 

(14)  Data  far  reduction  to  sea  kvel, — The  heights  of  the  marking 
tables  used  in  the  tape  measures  were  all  determined  with  reference  to 
the  tops  of  the  marking  stones  at  the  ends  of  the  base.  The  stone  at 
north  base  was  found  to  be  2'61™  above  the  stone  at  south  base.  The 
average  heights  of  the  tape  lengths  for  the  several  sections  above  the 
stone  at  south  base  are  given  in  the  following  statement.  The  values 
are  derived  by  taking  the  average  of  the  half  sums  of  the  heights  of 
the  ends  of  the  several  tape  lengths  for  the  sections.  The  slopes  of 
the  sections  as  measured  with  the  tapes  are  so  gentle  that  these 
average  values  are  amply  accurate  for  computing  the  reductions  to  sea 
leveL 
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Average  lieight  of  tape  above  south  base: 

Section  south  base  to  1200"*  stone  4*45", 
1200'"  stone  to  2100™  stone  6-46, 
2100™  stone  to  3000™  stone  6-49, 
3000™  stone  to  3900™  stone  3-48, 
3900™  stone  to  4900™  stone  4-63, 
4900™  stone  to  north  base    3-99. 

B. — ST.  ALBANS  BASE  MEASUREMENT. 

(15)  Location  of  ha^e  and  preparation  for  measurement. — St.  Albans, 
base  is  a  line  in  the  transcontinental  chain  of  triangulation  along  or 
near  the  thirty-ninth  parallel  of  latitude.  It  is  situated  in  the  valley 
of  the  Great  Kanawha  river,  near  the  village  of  St.  Albans,  Kanawha 
County,  West  Virginia.  It  is  about  3  900™  long,  and  extends  in  a 
nearly  east  and  west  direction  along  a  closely  level  portion  of  the  val- 
ley. It  is  on  the  north  side  of  and  is  parallel  to  the  Chesapeake  and 
Ohio  railway,  the  west  end  being  17-8™  and  the  east  end  18*4™ 
from  the  nearest  rail  of  the  main  track  in  1892. 

This  base  was  located  in  the  summer  of  1891  by  Sub- Assistant 
Walter  B.  Fairfield.  The  terminal  marking  stones  were  provided  and 
set  under  the  direction  of  Assistant  Mosman  during  the  autumn  of  the 
same  year.  A  profile  of  the  line  and  a  determination  of  its  height 
with  respect  to  an  adjacent  triangulation  station  of  known  height 
were  also  made  under  Assistant  Mosman's  direction  by  Mr.  J.  S. 
Siebert. 

This  base  was  measured  with  the  tape  apparatus  in  the  early  part 
of  October,  1892,  by  a  party  in  charge  of  the  writer,  aided  by  Assist- 
ant E.  B.  Haskell,  Recorders  M.  V.  Saflford  and  Orville  G.  Brown. 
The  line  was  cleared  of  brush,  brambles,  grass,  and  other  obstacles, 
and  the  marking  and  support  stakes  for  the  tapes  were  set  during  the 
days  October  1-9,  1892.  These  stakes  were  set  10™  apart,  and  the 
marking  stakes  were  all  carefully  aligned  with  a  theodolite.  Special 
pains  were  also  taken  in  this  work  to  make  the  spacing  of  the  support 
nails  uniform  and  to  bring  them  accurately  into  coincidence  with  the 
line  of  slope  for  any  tape  length.  Some  special  provision  had  to  be 
made  for  supporting  the  tapes  at  an  elevation  of  3™  to  5™  for  two  tape 
lengths  where  the  line  crossed  a  ravine.  But  the  supports  for  these 
two  tape  lengths  were  no  less  stable  than  at  other  parts  of  the  line, 
and  no  difficulty  was  met  in  handling  the  tapes  successfully  at  such 
altitudes. 

(16)  Measurements  of  the  hose. — A  measure  of  the  base  was  made 
during  the  afternoon  of  October  10  with  the  100™  steel  tape  No.  85  in 
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order  to  aiford  practice  in  roanipnlating  the  apparatas  to  the  opera- 
tives, all  of  whom,  except  the  writer,  had  had  no  experience  with  the 
apparatas.  In  this  practice  measure  no  record  was  kept  of  the  set-nps, 
and  some  tape  lengths  were  omitted,  so  that  no  results  can  he  derived 
from  it.  The  work  of  actual  measurement  was  begun  on  October  11 
and  continued  until  October  14.  Two  measures  of  the  base,  one  in 
each  direction,  were  made  at  night  with  each  of  the  steel  tapes  Nos. 
85  and  88;  and  a  daytime  measure,  in  bright  sunshine,  was  made  with 
tape  No.  88. 

In  all  the  measures,  Mr.  E.  E.  Haskell  was  the  observer  at  the  rear 
end  of  the  tape  and  Mr.  R.  S.  Woodward  the  observer  at  the  frontend. 
The  thermometers  from  which  the  tape  temperature  was  inferred  were 
also  read  by  these  observers.  An  additional  thermometer  with  a 
bright  bulb,  as  explained  more  fully  below,  was  read  at  the  middle  of 
the  tape  by  Mr.  M.  V.  Safford,  who  also  attended  to  the  operation  of 
flipping  the  tape  and  assisted  in  carrying  it  forward.  The  records 
were  kept  by  Mr.  Orville  G.  Brown.  The  whole  number  of  operatives 
employed  in  the  work  was  ten. 

The  base  was  divided  into  four  sections.  These  were  all  nearly  one 
kilometre  in  length,  except  the  easternmost  one,  which  was  about  869". 
The  fractional  part  of  a  tape  length,  namely,  69™,  in  this  latter  case, 
was  measured  on  the  tape  when  under  the  usual  tension ;  60™  of  thisfirac- 
tion  (or,  rather,  three-fifths  of  a  tape  length)  was  obtained  directly  from 
the  20™  sub-spaces  on  the  tapes,  while  the  remaining  portion  of  9", 
about,  was  measured  by  means  of  an  auxiliary  15™  Chesterman  sted  tape 
divided  to  millimetres.  The  particular  portion  of  the  latter  tapenjsed 
was  tested  on  the  Mural  Standard  of.  the  Survey  on  returning  firom  the 
field,  and  found  to  accord  sufficiently  well  with  its  nominal  value.  The 
whole  fraction  of  a  tape  length  (69™  about)  was  on  each  occasion  fiiei 
on  the  tape  by  means  of  a  light  transverse  line  ruled  with  a  bradawL 
The  distance  between  the  60™  mark  on  the  tape  and  the  temporary 
line  was  measured  in  each  case  with  the  auxiliary  tape  in^ipediately 
after  ruling  this  line,  but  as  an  additional  check  the  same  distance  was 
remeasured  in  the  daytime,  so  that  it  is  practically  certain  that  no 
appreciable  error  enters  this  fractional  part  of  a  tape  length. 

The  several  positions  of  the  tapes  were  marked  on  zinc  plates  which 
were  left  in  position  until  the  work  was  completed,  when  they  were 
numbered,  oriented,  and  filed  as  part  of  the  records.  The  ^^  set-ups'' 
and  '^  setbacks"  made  were  measured  and  recorded  at  the  time,  but 
they  were  all  carefully  remeasured  by  daylight,  so  that  no  appreciabto 
errors  from  this  source  can  enter  the  measures. 

The  measures  were  referred  directly  to  the  terminal  marks  in  the 
monuments  at  the  ends  of  the  base  and  to  the  marking  plates  at  the 
intermediate  ends  of  the  sections.  These  plates  were  nailed  to  very 
stable  stakes,  and  there  was  no  indication  of  any  appreciable  move- 
ments of  them  during  the  short  period  of  four  days  covered  by  the 
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neasures.  Any  such  moyements,  however,  which  might  take  place 
rom  day  to  day  would  not  afiect  the  interval  between  the  terminal 
itonesy  since  the  base  was  measured  continuously  from  end  to  end 
whenever  any  measurement  was  made. 

(17)  Determination  of  grade  corrections, — ^The  differences  in  altitude 
>f  the  consecutive  marking  tables  were  measured  independently  by 
Messrs.  Haskell  and  Safibrd.  Whenever  any  discrepancies  appeared, 
}he  work  was  re-examined  by  them,  and  it  is  believed  that  the  adopted 
iifferences  are  trustworthy  within  half  a  centimetre  in  every  case, 
iv'hile  the  two  largest  of  those  differences  were  determined  with  a  much 
^eater  precision. 

The  maximum  difference  in  height  of  the  tables  for  any  tape  length 
was  3'671",  which  gives  a  grade  correction  of  63'76"»".  The  average 
lifference  in  height  per  tape  length  for  the  several  sections  counting 
[rom  the  west  end  were  0-37",  0-89°>,  0-29",  and  0-18". 

The  grade  corrections  were  computed  in  duplicate  by  Messrs.  Saffbrd 

ind  Woodward,  and  the  following  are  the  resulting  values  for  the 

several  sections: 

mm. 

Section  West  Base  to  Stake  10  —   8-52, 

Stake  10  to  Stake  20  —  93-58, 

Stake  20  to  Stake  30  —   7-20, 

Stake  30  to  East  Base  —   3-40. 

(18)  Determinations  of  tape  temperatures. — ^Mercurial  thermometers 
Df  the  same  sort  as  those  used  on  Holton  3a8e  were  used  to  give  the 
tape  temperatures  in  the  measurement  of  St.  Albans  Base.  But  in  the 
bope  that  the  thermometers  could  be  made  to  follow  the  tape  tempera- 
tures with  greater  certainty  the  aluminum  sheaths  used  in  the  Holton 
work  were  replaced  by  steel  sheaths.  These  were  made  of  very  thin 
steel  tape  which  was  coiled  into  cylinders  just  long  and  large  enough 
bo  slip  over  the  thermometer  bulbs  and  clasp  their  stems.  By  anneal- 
ing, the  surface  of  these  coils  was  given  a  dull  black  color  closely 
resembling  that  of  the  measuring  tapes.  A  disadvantage,  however,  of 
these  steel  sheaths  over  the  aluminum  ones  lies  in  their  greater  mass, 
i^hich  is  about  0-50  grammes,  and  is  about  three  times  the  mass  of 
the  aluminum  sheaths.  This  increase  in  mass  caused  a  notable  lagging 
of  the  thermometers  with  respect  to  the  tapes,  whereas  such  lagging 
was  very  small  when  the  lighter  sheaths  were  used.  The  effects  of  this 
lagging,  however,  appear  to  have  bcien  well  eliminated  by  the  process 
3f  measurement  adopted. 

With  the  hope,  also,  that  some  light  might  be  shed  on  the  obscure 
[]uestion  of  the  persistent  difference  between  the  tape  and  the  ther- 
mometric  temperatures  during  the  day  measures  of  Holton  Base,  a 
thermometer  with  no  sheath  attached  to  it  (or  one  with  bright  instead 
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of  black  bulb)  was  read  in  all  the  measures  of  St.  Albans  Base.  The 
salient  resnlt  revealed  by  this  experiment  is  that  during  the  daytime 
the  thermometers  with  black  bulbs  (or  sheaths)  read  uniformly  higher 
and  at  night  uniformly  lower  than  the  thermometer  with  the  hright 
bulb.  This  fact  confirms  what  might  be,  of  course,  expected,  namely, 
that  the  tax)e  and  thermometers  may  have  persistently  differing  tem- 
peratures unless  they  have  the  same  capacity  for  absorption  and  radia- 
tion. Another  result  of  this  experiment  which  may  prove  of  yalnein 
further  studies  with  the  tapes  is  that  the  period  when  thermometer 
with  bright  and  black  bulbs  give  the  same  readings  occurs  shortly 
before  sundown,  and  appears  to  coincide  with  the  period  of  steady 
atmosphere,*  But  aside  from  these  results,  interesting  though  they  be 
in  a  general  way,  nothing  came  from  the  use  of  the  thermometer  with 
the  bright  bulb.  The  temperature  of  the  tape  was  interred  altogether 
from  the  readings  of  the  two  thermometers  supplied  with  the  steel 
sheaths.  That  the  latter  gave  temperatures  closely  coincident  with 
those  of  the  tapes,  except  for  the  lag  effect,  which  was  in  general  well 
eliminated,  api>ears  to  be  demonstrat^ed  by  the  results  of  the  several 
measures  of  the  four  sections  of  the  base. 

The  thermometers  used  in  all  work  on  St.  Albans  Base  were  Nos. 
5698,  6620,  and  6621  by  Green.  Table  X  following  gives  the  correc- 
tions to  be  applied  to  the  readings  of  these  thermometers  to  bring  them 
into  accordance  with  the  standard  hydrogen  scale.  The  corrections  to 
6698  are  those  given  in  section  10,  Chapter  iv,  the  freezing  x>oint  read- 
ing adopted  being  that  of  January  21, 1892.  The  freezing  point  read- 
ings of  6620  and  6621  were  determined  by  Mr.  Louis  A.  Fischer,  of  the 
office  of  Standard  Weights  and  Measures,  in  September,  1892. 

Table  X. — Corrections  to  thermometer  readings. 


Correction  to - 

. 

Tempera- 
ture. 

5598. 

5630. 

56ti. 

o 

0 

b 

0 

O 

— 010 

— 0-20 

—0-25 

5 

—   •12 

-    15 

—  -20 

lO 

—   -09 

—   -21 

—  '26 

15 

•08 

—    25 

—  -32 

20 

—  -08 

—  '27 

—  -34 

25 

—    07 

~  25 

-  -32 

30 

—   -04 

—  25 

—  -25 

35 

—    09 

—  23 

—   28 

(19)  Tension  correction  and  worJcing  lengths  of  tapes. — Spring  balance 
"No.  63  was  used  in  all  the  work  on  St.  Albans  Base  to  give  tension  to 

*  These  two  periods  are  probably  due  to  the  same  cause,  to  wit,  equality  in  the 
quantities  of  radiant  heat  received  and  rejected  by  the  earth  at  that  time  of  day. 
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he  tapes*  Its  index  correction  was  observed  on  October  10, 12, 14, 18, 
ind  21.  The  mean  of  the  resulting  valaes,  which  vary  from  ^  2'0 
^nnces  to  —  3*0  ounces,  is  —  2*55  ounces;  or  in  the  formula 

^ven  in  section  4,  r  =  ^  2*55  ounces. 
The  following  values  were  also  observed: 

W  =  49-5  ounces, 
B  =  35*0  ounces* 

The  nominal  value  of  the  tension  used  was 

Ti  =  25  pounds. 

Hence  the  actual  tension  applied  was 

T  =  25  pounds  6  ounces. 

Since  the  standard  tension  is  25  pounds  9  ounces,  the  tension  cor- 
ection  is  >-  3-0  ounces,  and  the  correction  to  the  standard  lengths  is 
—  3x0'047'""  =  —  0*14"".  The  lengths  of  the  tapes  as  used  are  then 
see  Chapter  IV,  section  17) 

wtn,  fnm, 

Tas  =  20  B„  +  3-72  +  l-0947<, 
Tn  =  20  B„  +  617  +  1-0914^. 

(20)  Besults  of  the  measures  of  8t  Albans  Base. — ^Table  XI  following 
rives  the  results  of  the  measures  of  St.  Albans  Base.  The  first  column 
rives  the  date;  the  second,  the  time  of  day  when  the  measure  was 
Dade;  the  third,  the  direction  in  which  the  measure  proceeded;  the 
borth,  the  mean  temperature  of  the  tape;  the  fifth,  the  temperature 
'ange,  or  the  difference  between  the  highest  and  lowest  observed  tem- 
perature of  the  thermometers;  the  sixth  indicates  by  the  letters  B  and 
F  whether  the  temperature  was  rising  or  falling  during  the  measure 
>f  a  section,  and  the  order  of  the  letters  indicates  the  order  in  which 
;he  changes  occurred;  the  seventh  gives  the  length  of  the  sections  in 
;erm8  of  the  iced  bar  Bij^  the  excess  over  a  round  number  of  tape  and 
)ar  lengths  having  been  measured  with  a  millimetre  scale,  and  with  a 
15°"  auxiliary  steel  tape  in  case  of  the  fourth  section;  and  the  last  col- 
imn  gives  the  number  of  the  tape  used.  The  values  for  the  lengths 
^ven  in  the  seventh  column  are  not  corrected  for  grades.  Since  the 
^hole  base  only  was  ultimately  used,  the  total  grade  correction  will  be 
iipplied  to  the  sum  of  the  lengths  of  the  sections. 
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Table  XI. — Results  of  tneasures  of  8t  Albans  Base. 


WEST  base  to  stake  io. 


Date. 

Time  of  day. 

Direction  of 
measure. 

Mean 
tempera- 
ture. 

Tem- 
pera- 
ture 
range. 

Temperature 
rising,  R, 
falling,  F. 

Value  for  distance. 

No. 
of 

tipe. 

88 

i& 

85 
88 

1892. 
Oct.    II 

12 

13 
13 
14 

/.  m. 
7:20-  8:02 
9:03-  9:44 
7:06-  7:40 
10:49-11:21 
2:53-  3: '6 

W.  to  E. 
E.        W. 
W.        E. 
E.       W. 
W.       E. 

904 
7*62 

133° 
956 

321 1 

340 
270 
300 

IIO 

1*40 

F 
R 
F 
R 

R,F 

200  Bit  +  2582 

244-5 
2526 

25  IS 
2481 

STAKE  10  TO  STAKE  20. 


Oct.    II 

8:02-  8:44 

W.  to  E. 

5-92 

280 

F,R 

200  Bij  -h  534-8 

88 

12 

9:44-10:25 

E.       W. 

6*39 

2-25 

F.R 

535-5 

88 

13 

7:40-  8:12 

W.       E. 

10-38 

2-55 

F.R 

533-0 

«5 

13 

11:21-11:53 

E.       W. 

905 

o-8o 

F,R,F 

5360 

85 

14 

3:16-  3:49 

W.       E. 

3047 

080 

F.R 

536-0 

88 

STAKE  20  TO  STAKE  30. 


Oct.    II 

8:44-  9:26 

W.  to  E. 

623 

1-50 

R.F.R 

200  Bi,  +  527-0 

88 

12 

7:40-  8:22 

E.        W. 

784 

I -60 

R.F 

5240 

88 

13 

8:12-  8:44 

W.        E. 

992 

I-IO 

F,R.F 

527-8 

85 

13 

9:45-10:17 

E.       W. 

«7S 

0-70 

R.F,R 

528-9 

«5 

14 

3:49-  4:02 

W.       E. 

30-08 

1-50 

R.F.R 

534-0 

88 

STAKE  30  TO  EAST  BASE. 


Oct.    II 

9:36-10:08 

W.  to  E. 

4-80 

0-75 

F,R 

1 72  ^„  + 9  3255 

88 

12 

8:22-  9:03 

E.       W. 

7-92 

2-65 

F.R 

93  3-0 

88 

13 

8:44-  9:16 

W.       E. 

924 

050 

F.R 

9321-4 

85 

13 

10:17-10:49 

E.       W. 

3-57 

I  00 

F.R.F 

9  328-6 

«5 

»4 

4:02-  4:26 

W.       E. 

2980 

095 

R,F,R 

9  3330 

88 

(21)  Interpretation  of  results.— An  inspection  of  the  results  in  tbe 
above  table  shows  the  ranges  amongst  the  individual  measures  of  the 
several  sections  to  be  13-7"",  3*0"°",  10«0°«»,  and  11-6™",  respectively; 
and  the  question  which  immediately  suggests  it«elf  is,  why  should  tbe 
range  for  the  section  stake  10  to  stake  20  be  so  much  less  than  for  the 
other  sections?  The  hypothesis  we  offer  in  answer  to  this  question 
affords  a  satisfactory  explanation  of  the  ranges  just  mentioned,  espe- 
cially those  of  the  night  measures,  and  clears  up  some  of  the  pecaliar- 
ities  noted  in  the  measures  of  Hoi  ton  Base.  It  is  based  on  the  following 
considerations : 
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case  there  is  any  relative  lag^^ing  of  the  tape  and  thermometric 
leratares,  its  effect  will  be  more  or  leas  eliminated  in  the  mean  of 
measures  of  a  section  made  the  one  under  a  rising  and  the  other 
3T  a  falling  temperature.  A  similar  elimination  of  the  lag  effect 
occur  in  a  single  measure  of  a  section  if  the  temperature  is  rising 
»ne-half  and  falling  for  the  other  half  of  the  measure;  and,  in  gen- 
»  the  lag  effect  will  tend  to  eliminate  itself  if  the  temperature 
;aates  to  any  considerable  eztent  about  its  mean  trend.  The  con- 
»ns  which  obtained  during  the  measures  of  St.  Albans  Base,  so  far 
ley  pertain  to  this  lag  effect  are,  in  general,  well  indicated  by  the 
.  in  the  fifth  and  sixth  columns  of  the  above  table;  but  it  should  be 
id  that  the  section  stake  10  to  stake  20  was  specially  favorable  by 
DU  of  its  topographic  conformation  for  eliminating  the  lag  effect, 
middle  portion  of  this  section  was  on  low  marshy  ground  compared 
.  the  ground  at  either  of  its  ends,  so  that  there  was  always  a  marked 
)f  temperature  on  approaching  the  low  ground  and  a  marked  rise 
^ving  it,  regardless  of  the  direction  of  measurement, 
lis  answer,  it  may  be  conceded,  explains  the  small  range  among 
results  for  the  section  stake  10  to  slake  20;  but  if  it  is  the  correct 
rer,  we  should  expect  the  means  of  the  forward  and  backward 
sures  of  the  other  sections  to  show  a  similar  degree  of  accordance, 
3,  as  shown  in  the  sixth  column  of  the  table,  the  temperature 
[lent  was  in  general  reversed  with  a  reversal  of  the  direction  of 
surement.  The  two  night  measures  with  each  tape  are  in  this 
ect  strictly  comparable,  since  they  were  made  under  conditions  in 
Bspects  similar;  i.  e.  the  sky  was  cloudless  or  nearly  so,  there  was 
)  or  no  wind,  the  preceding  days  had  been  very  much  alike,  and 
neasures  were  made  at  times  when  dew  was  condensing  along  most 
s  of  the  line.  That  these  means  do  so  accord  is  sh6wn  by  the 
Its  in  Table  XII  following,  which  gives  the  means  of  the  night 
jures  of  the  sections  made  with  the  two  tapes.  For  brevity  the 
ona  are  numbered  1,  2,  3,  4,  respectively: 

L.R  XII. — Means  of  forward  and  hacJcward  measures  of  the  sections* 


No.  Upe. 

Section  i. 

• 

Section  3. 

Section  3. 

Section  4. 

Wliole  Base. 

88 
«5 

mm, 

+251-4 

252-0 

tftfftm 

+535-2 
534-5 

mm. 

+5255 
528-4 

mm, 

4.9  324-2 

9  3250 

mm, 
10  636»3 
10  639-9 

e  accordance  of  these  results  leaves  little  to  be  desired ;  but  for  the 
>ns  already  adduced  and  for  others  given  below,  it  is  difficult  to 
6w  it  can  be  otherwise  than  real, 
though  the  fact  that  means  of  forward  and  backward  measures  of 
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a  section  indicated  a  marked  elimination  of  some  source  of  error  was 
noticed  in  certain  of  the  measures  of  Uolton  Base,  the  explanation  of 
tbat  fact,  presented  above,  did  not  occur  to  me  until  after  the  night 
measures  of  St.  Albans  Base  had  been  made.  The  full  import  of  the 
explanation,  indeed,  wa«  not  appreciated  until  after  the  day  measoie 
of  October  14  had  been  made;  otherwise  a  reverse  measure  of  the  line 
would  have  been  made  on  the  latter  day.  The  particular  measures  of 
Holton  Base  just  referred  to  are  those  of  sections  2 100™  to  3  OOQ"  and 
3  000™  to  3  900"*.  On  referring  to  Table  V  of  section  7  it  will  be  seen 
that  each  of  these  sections  was  measured  in  both  directions  on  Septem- 
ber 18  and  again  on  September  19, 1891,  under  conditions  &vorable  for 
the  elimination  of  the  lag  effect.  The  excesses  over  180Bn  of  the 
means  of  the  forward  and  backward  measures  of  the  section  2 100°'  to 
3  000"  for  these  two  days  are  +  71'2™°»  and  +  70-7°>" ;  and  for  the  see- 
tion  3  000™  to  3  900™  the  corresponding  excesses  are  +  20-4""'  and 
4-  20-0"™.  These  exhibit  a  degree  of  accordance  equal  to  that  shown 
in  Table  XII.  A  similar  degree  of  a<;cordance  is  shown  in  the  forward 
and  backward  measures  of  the  standard  kilometre  of  Holton  Base  of 
September  30,  October  1,  and  October  8, 1891,  on  which  dates  the  tem- 
perature gradients  were  favorably  to  the  elimination  of  the  lag  effect 
Attention  has  also  been  called  in  section  11  to  the  fact  that  the  meas- 
ures of  the  standard  kilometre  show  a  less  probable  error  than  the 
measures  of  the  other  sections  of  Holton  Base.  The  reason  for  this  is 
found,  I  believe,  in  the  topographic  conformation  of  that  kilometre.  It 
passed  for  600"  of  its  length  through  a  dense  forest,  leaving  200"  at 
either  end  in  open  fields.  In  nearly  all  the  night  measures  the  ther- 
mometer readings  show  a  rise  of  temperature  on  passing  from  the  open 
fields  to  the  forest,  and  vice  versa;  which  conditions,  as  explained 
above,  were  favorable  for  the  elimination  of  the  lag  effect  in  a  single 
measure  of  the  line. 

To  recur  to  the  measures  of  St.  Albans  Base,  it  is  seen  from  the 
results  in  Tables  XI  and  XII  that  the  largest  discrepancies  are  found  iji 
every  case  where,  according  to  the  hypothesis  considered,  they  would 
be  expected  to  appear.  Thus,  in  Table  XI  the  range  is  greatest  in  the 
measures  of  the  section  West  Base  to  stake  10,  which  presented  the 
steepest  temperature  gradients;  and  in  Table  XII  the  range  is  greatest 
in  the  case  of  the  third  section,  which,  as  appears  from  the  data  in  the 
sixth  column  of  Table  XI,  presented  the  least  favorable  temperatare 
gradients. 

It  should  be  noted,  however,  that  the  difference  between  the  night 
measures  of  the  section  West  Base  to  stake  10  with  tape  No.  88  is 
much  greater  than  that  between  the  night  measures  with  tape  No.  85. 
The  temperature  gradients,  in  fact,  indicate  that  the  form^  difference 
ought  to  exceed  the  latter,  but  it  is  not  clear  that  the  excess  should  be 
as  great  as  it  is.  This  apparent  anomaly  has  led  to  a  comparison  of 
the  separate  tape  lengths  of  the  night  measures  of  this  first  section 
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rith  the  two  tapes.  It  shows  that  the  measures  with  tape  No.  88  were 
)r  every  tape  length  apparently  longer  in  the  one  case  and  shorter  in  the 
ther  by  abont  (J*7"";  in  other  words^  if  we  are  dealing  with  a  lag  effect^ 
lie  thermometers  gave  a  temperature  too  high  to  the  tape  under  a  fall- 
ig  gradient  and  too  low  under  a  rising  gradient  by  about  0^*7  0.,  and 
his  error  was  persistent  throughout  both  measures  of  the  section. 
Lttention  has  been  called  in  Chapter  lY,  section  15,  to  a  similar  dis- 
repancy  in  the  behavior  of  these  two  tapes  when  placed  alongside  of 
ne  another  on  the  100"^  comparator  of  Holton  Base.  It  is  most 
robably  due,  as  suggested  in  the  section  just  referred  to,  to  some  dif- 
srence  in  the  emissivities  of  the  two  tapes,  but  a  study  of  all  the  data 
as  not  up  to  the  present  time  led  me  to  any  clearer  view  of  the  ques- 
ion. 

It  remains  to  consider  the  results  of  the  day  measure  of  the  base  of 
)ctober  14, 1892.  This  was  made  on  a  cloudless  day  between  2:53  and 
r:26  p.  m.,  and  the  mean  temperatures  for  the  several  sections  varied 
rom  32^*11  G.  to  29^*80  G.  Including  this  measure,  the  mean  tempera- 
ores  of  the  tape  ranged  for  the  different  day  and  night  measures  of 
tach  section  through  nearly  25<=^  G. ;  so  that  the  accordance  of  the  day 
aeasures  with  the  mean  of  the  night  measures  affords  a  pretty  severe 
est  of  the  equations  of  the  tapes  and  of  the  thermometeric  tempera- 
ures  attributed  to  them.  A  glance  at  the  data  in  the  sixth  and  sev- 
Qth  columns  of  Table  XI  shows  that  the  accordance  of  the  day  meas- 
re  is  best,  as  it  ought  to  be  in  conformity  with  the  considerations 
dduced  above,  in  the  case  of  the  first  and  second  sections,  and  worst, 
8  would  be  expected,  in  the  case  of  theiast  two  sections.* 

The  differences  between  the  day  measures  of  the  several  sections  and 
tie  means  of  the  night  measures  of  the  same  are 

For  the  first  section  —  3*6 
second  section  +  1-2 
third  section  +  7'0 
fourth  section  +  8*4 

The  average  of  these  regardless  of  sign  is  5*0"™*",  or  1/200  000th  of  a 
Motion;  while  the  average  of  the  first  two  of  them,  which  must  be 
irgely  free  from  the  lag  effect,  is  only  2-4°'"™,  or  1/400  000th  part  of  a 
ection.  From  any  point  of  view  these  discrepancies,  when  we  bear  in 
lind  the  wide  range  of  temperature  involved,  do. not  seem  large;  but 
rhen  we  consider  them  in  connection  with  the  temperature  gradients 
rhich  obtained  during  the  day  measure,  it  appears  clear  that,  except 

*It  ia  now  plainly  regrettable  that  a  reverse  measure  of  the  base  was  not  made 
nmediately  after  this  one,  since  it  appears  almost  certain  that  the  means  of  sach 
ay  measures  ^'ould  have  shown  a  very  close  agreement  with  the  means  of  the  uight 
measures. 
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for  the  lag  effect,  the  thermometers  as  fitted  with  the  steel  shields  gave 
temperatures  in  very  close  agreement  with  those  of  the  tapes  during 
both  the  day  and  the  night  measures  of  the  base. 

Briefly  summarized,  then,  our  interpretation  of  the  results  of  the 
measures  of  St.  Albans  Base  is  that  the  most  formidable  errors  to 
which  they  were  subject  arose  from  lag  of  the  thermometers  as  fitted 
with  the  steel  shields;  that  these  errors  were  well  eliminated  in  the 
means  of  the  forward  and  backward  night  measures  with  either  tai)e 
for  all  sections,  and  well  eliminated  in  all  the  individual  measures  of 
the  second  section  by  reason  of  its  topographic  conformation;  and 
finally,  that  the  result  of  the  day  measure  is  too  great  by  reason  of 
uncompensated  lag  effect  which  lies  chiefiy  in  the  lengths  of  the  two 
easternmost  sections  of  the  base. 

(22)  Values  for  measured  lengths  of  base  and  prohahle  error  of  uiftw- 
uremenU — ^The  value  we  shall  adopt  for  the  entire  length  of  the  base  is 
the  mean  of  the  four  night  measures,  since  all  our  experience  indicates 
that  the  temperature  uncertainty  is  in  general  least  in  night  measures, 
and  since  it  appears  certain  that  a  considerable  lag  effect  was  elinu* 
nated  in  the  means  of  the  forward  and  backward  measures  of  this  base. 
Accordingly,  the  value  we  adopt  is 

772^17  + 10638-1"^, 

»  

or  the  mean  of  the  results  in  the  last  column  of  Table  XII. 

If,  on  the  other  hand,  we  include  the  day  measure  and  give  it  and 

each  of  the  night  measures  the  same  weight,  the  result  is 

7725,;  + 10640.7™, 

which  differs  but  2*6"*"  from  thaadopted  value. 

The  results  of  the  several  measures  of  the  entire  base,  in  the  order  in 

which  they  were  made,  ate 

mm, 

Oct.  11, 1892,  112B^  +  10045-6, 

12, 1892,  27-0, 

13, 1892,  34-8, 

13, 1892,  45-0, 

14, 1892,  61-1. 

The  range  among  these  is  24-l"»",  or  1/160  000th  part  of  the  base.  The 
range  of  the  first  four,  or  the  night  measures,  is  18-6™"»,  or  1/209  OOOtti 
part.  The  greatest  divergence  from  the  adopted  mean  is  that  of  the 
last,  or  day  measure.    The  amount  is  13'0"°,  or  1/298  000th  part. 

The  mean  leugths  from  the  forward  and  backward  measures  with  the 
two  tapes  are 

mm. 

Tape  ISo.  85,        772B,;  +  10636-3, 
No.  88,        112B,,  +  10639-9. 

The  difference  of  these  is  3-6™°',  or  1/1 070  000th  part  of  the  base. 
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In  oompating  the  probable  error  of  measurement  from  the  data 
afforded  by  Tables  XI  and  XII,  we  may  proceed  according  to  several 
hypotheses.  Using  1  kilometre  as  the  niiit  of  distance  to  which  such 
provable  error  refers,  we  may  assume  (a)  that  all  of  the  night  and  day 
measures  of  the  several  sections  of  the  base  are  of  equal  weight,  and 
that  no  elimination  of  systematic  error  results  in  the  mean  of  a  forward 
and  backward  measure;  (b)  that  the  night  measures  should  be  consid- 
ered by  themselves  and  treated  as  if  they  involved  no  errors  due  to 
lagging  of  the  thermometers;  (c)  that  the  means  of  the  forward  aud 
backward  measures  given  in  Table  XII  are  more  or  less  free  from  errors 
dae  to  lagging,  and  that  such  means  are  alone  competent  to  give  an 
idea  of  the  attainable  precision. 

The  errors  which  result  from  each  of  these  hypotheses  will  now  be 
given.  Let  f,,  f^,  €,  =  the  probable  error  of  one  measure  of  a  kilometre 
according  to  the  suppositions  (a),  (ft),  (c),  respectively. 

m  =  the  total  number  of  independently  observed  quantities,  or 
total  number  of  measures  of  the  sei^tions, 
=  20  for  supposition  (a), 
=  16  for  supposition  (ft), 
=   8  for  supposition  (c), 
[rr]  =  sum  of 'squares  of  the  discrepancies  between  the  individual 
measures  of  the  sections  and  their  means,  respectively. 

Then  from  Tables  XI  and  XII  we  find* 

[vp\  =  250'67  for  supposition  (<i), 
s=  142*94  for  supposition  (ft), 
=     4*80  for  supposition  (c). 

According  to  the  methoil  of  least  squares,  when  we  have  m  measures 
of  equal  weight  of  fi  unknown  quau titles,  the  probable  error  of  a  single 
measure  is  exi)re88ed  by 


±  0(3746 


III  the  present  c&ise  the  number  of  unkuowu  quantities,  or  //,  is  4,  the 
uumber  of  sections  of  the  base.  Hence  ibr  the  several  suppositions  we 
have  w  —  /<  =s  16, 12,  4,  respectively.    These  data  then  give 


mm. 

K  =  ±  2-(;7 

*,  =  i  2<VS 
f,  =  ±  0-74 


*  The  sections  are  treated  as  of  equal  length,  the  modification  arising  from  the  fact 

that  the  section  from  stake  30  to  East  Base  is  130™  short  of  a  kilometre  being  unim- 
portuit. 

S.  Ex.  37—30 
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It  may  be  observed  that  if  the  mean  values  in  Table  No.  Y,  from 
which  f«  is  derived,  are  not  to  a  marked  extent  free  from  gyBtouatic 
error,  as  is  assumed,  we  should  have  by  the  theory  of  errors 

But  the  actual  relation  is  £«  =  0'32sty  or  the  ratio  of  the  two  errors  is 
less  than  half  as  great  as  it  should  be  if  the  hypothesis  (e)  were  false. 
It  may  be  observed,  also,  that  the  work  of  determining  the  tape 
lengths  on  the  100"  comparator  of  Holton  Base  affords  an  indirect 
m.eaus  of  estimating  the  extent  of  the  temperature  error  involved  in  the 
mean  oC  a  forward  and  backward  measure  of  a  kilometre;  and  hence 
some  additional  light  may  be  gained  concerning  the  magnitude  of  the 
error  of  manipulation,  which  latter,  as  revealed  in  the  tape  measures 
of  Holton  Base,  was  briefly  discussed  in  section  10  above.  As  shown  in 
Chapter  IV,  section  15,  the  probable  error  of  a  single  determination  of 
a  tape  length  on  the  100'**  comparator  was  :t  0*20"°".  This,  as  explained 
in  the  chapter  referred  to,  is  due  almost  wholly  to  temperature  errors 
in  the  mean  of  six  thermometer  readings.  It  involves  the  lag  eflfect  to 
a  slight  extent,  and  hence  ought  to  indicate  a  larger  temperature  com- 
ponent in  the  probable  error  of  a  mean  measure  of  a  section  of  St 
Albans  Base  than  that  shown  from  the  actual  observations,  if  in  these 
latter  the  lag  effect  was  well  eliminated.  Assuming,  the  above  error  of 
i  0-20™"»  per  tape  length  to  apply  to  the  field  work  if  six  thermometer 
readings  were  made,  the  value  for  the  actual  case,  wherein  but  two 
such  readings  were  observed,  is  ±  0'20'"'»  \/3.  With  this  as  the  prob- 
able error  per  tape  length,  the  probable  error  of  the  sum  of  ten  8uch 
lengths  is  ±0'20""\/30,  and  whence  that  for  the  mean  of  two  sach 
measures  is 

±  0-20'"»  >/16  =  ±  0-77"». 

This  is  slightly  greater  than  the  value  of  f«  given  above.  It  shows,  w 
far  as  it  goes,  a  satisfactory  elimination  of  the  lag  effect  in  the  means 
of  the  forward  and  backward  measures  of  the  sections  of  St.  Albans 
Base,  and  indicates  that  the  error  of  manipulation  is  really  much  less 
than  was  inferred  in  section  10  from  the  measures  of  Holton  Base  alone. 
Lastly,  it  should  be  remarked  that  the  value  f^  =  ±  2-33"",  derived 
by  using  the  night  measures  of  St.  Albans  Base,  is  considerably  larger 
than  the  corresponding  value  deduced  from  the  night  measures  of 
Holton  Base,  namely,  ±  1'74™",  given  in  section  10  above^  Themai^ 
reason  for  this  lies,  undoubtedly,  in  the  fact  that  the  steel  sheatbsused 
on  the  bulbs  of  the  thermometers  in  1892  caused  much  greater  laggi"? 
than  the  aluminum  sheaths  used  in  1891.  The  exceptionally  favorable 
conditions  of  the  standard  kilometre  of  Holton  Base  for  eliminating 
the  lag  effect  have  been  alluded  to  in  the  preceding  section,  and  this 
circumstance  also  tended  to  make  the  probable  error 4)f  a  single  mca^ 
ure  of  a  kilometre  in  the  Holton  work  small, 
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Now  as  to  probable  error  due  to  errors  of  measurement  in  tbe  whole 
length  of  St.  Albans  base,  three  values  dependent  on  the  suppositions 
(a),  (b),  (c),  may  be  derived;  and  a  fourth  value  may  be  computed 
from  the  difference  between  the  mean  lengths  for  the  whole  base  from 
the  night  measures  with  the  two  tapes.  The  latter  process,  it  will  be 
noted,  should  give  the  smallest  probable  eiTor,  since  it  does  not  involve 
the  possible  errors  due  to  movements  of  the  intermediate  section 
stakes,  though  such  movements,  it  is  believed,  were  very  small.  The 
first  three  of  these  probable  errors  are 

mm. 


e^  y/4t/5  =  ±  2-39  according  to  supposition  (a), 
fb  V^M  =  =t  2-33  according  to  supposition  (b), 
fc  \/4/2  =r  ±  1-04  according  to  supposition  (c), 

For  the  fourth  probable  error  we  find  ±  0*9* 


imm 


Expressed  as  fractions  of  the  length  of  the  base,  these  probable 
errors  vary  from  1/1  620  000th  to  1/4  300  000th. 

The  errors  just  discussed,  or  those  developed  in  repeated  measures 
of  a  line,  appear  to  be  the  only  errors  of  measurement  which  need  be 
considered  in  connection  with  St.  Albans  .Base.  In  comparison  with 
these,  the  errors  in  grade  corrections,  in  alignment,  in  transfers  to  per- 
maneut  marks,  and  in  the  measurement  of  fractions  of  tape  lengths, 
are  trifling.  As  already  explained,  special  pains  were  taken  in  the 
alignment  of  the  support  and  marking  stakes  and  in  the  determina- 
tion of  grade  corrections.  We  may  allow,  however,  for  possible  con- 
tributions of  error  from  the  latter  sources  by  adopting  zt  2*0""  as  the 
probable  error  of  measurement.  This,  it  will  be  observed,  is  but  little 
less  than  that  given  by  supposition  (b),  which  takes  no  account  of  the 
elimination  of  the  lag  effect,  and  would  appear  to  materially  under- 
estimate the  precision  actually  attained. 

{J23)  Probable  error  of  base  due  to  errors  of  tape  lengths. — From  the 
evidence  adduced  in  Chapter  lY,  section  16,  it  appears  that  the  prob- 
able errors  of  the  tape  lengths  as  determined  on  the  100°^  comparator 
of  Hoiton  Base  can  not  exceed  zL  O'Od'^  within  such  ranges  of  temper- 
ature as  are  likely  to  be  met  in  ordinary  work.  For  such  temperatures 
as  obtained  during  the  night  measures  of  St.  Albans  Base,  the  prob- 
able error  per  tape  length,  if  computed  from  the  formula  given  in  the 
section  of  Chapter  lY  just  referred  to,  would  be  somewhat  less  than 
±  0*06™".  One  circumstance,  however,  leads  me  to  adopt  a  larger 
value.  It  is  this :  If  we  use  the  mean  lengths  of  the  sections  of  St. 
Albans  Base  given  in  Table  XII  to  compute  a  correction  to  the  differ- 
ence in  lengths  of  the  tapes  at  0^  C,  the  mean  value  of  such  correc- 
tion is  found  to  be  ±  0-09"»»"  ±  0.096°^°»,  indicating  that  the  difference 
in  length  of  the  tapes  at  0^  C.  should  be  2*54°"°  iust^ead  of  2*45°^,  as 
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given  by  the  equations  of  the  tapes  derived  in  Chapter  lY.  Snbse- 
qaently  to  the  measnrement  of  8t.  Albans  Base  the  tapes  were  com- 
pared directly  on  a  100™  section  of  the  ba^te.  An  account  of  this 
work  is  given  in  section  26  below.  It  indicates  a  correction  to  the 
difference  of  the  tapes  at  0^  G.  of  about  the  same  amount  as  that  JH^ 
mentioned  and  with  somewhat  greater  certainty.  The  amount  of  this 
discrepancy,  it  will  be  observed,  is  of  about  the  same  magnitude  as  its 
probable  error  derived  from  the  expression  (9),  section  16,  Chapter  IT, 

namely :  

v'(0-056""')*  +  (0^58"»")*  =  i  0'08"»»*\ 

so  that  no  great  weight  can  be  attached  to  it  when  considered  by 
itself.  But  inasmuch  as  the  lengths  of  the  tapes  were  determined  by 
observing  on  them  with  niicrometor  microscopes  having  a  power  of 
27  diameters,  while  in  applying  them  to  measure  a  base  a  hand  mag- 
nifier or  the  unaided  eye  is  used,  it  is  possible  that  some  constant  error 
may  have  thus  entered  the  measures  of  St.  Albans  Base.  For  this 
reason  the  extreme  value  of  ±  0*06°*'"  will  be  taken  for  the  probable 
error  of  the  tape  lengths  in  those  measures.  This,  as  shown  in  section 
16,  Chapter  IV,  is  the  probable  error  of  the  tape  lengths  given  by 
their  equations  for  such  temperatures  as  0^  and  30^  G. 

Since  there  were  38*7  tape  lengths  in  the  base,  the  probable  error  of 
±  0*06°»"  per  tape  length  gives  ±  2-32"»'  as  the  probable  error  of  the 
whole  base  due  to  this  source. 

(34)  CorrectUms  to  measured  length  of  hose. — To  the  adopted  mean 
length  of  the  base  given  in  section  22  above,  three  correction^  are  to 
be  applied,  namely:  (1),  correction  for  grades;  (2),  correction  for  error 
in  thermometer  corrections  used  in  the  computation  of  the  lengths  of 
the  sections  of  the  base;  (3),  reduction  to  sea  level. 

(1)  Since  the  entire  length  only  of  the  base  is  needed,  tlie  sum  of 
the  grade  corrections  may  be  applied  to  the  adopted  measured  length 
given  in  section  22,    This  sum,  the  terms  of  which  are  given  in  section 

16,  is  — 112-7""°. 

(2)  The  thermometer  corrections  which  should  have  been  applied  in 
computing  the  length  of  the  base  are  those  given  in  Table  X,  section 

17.  The  means  of  the  corrections  to  Nos.  5598  and  5620,  which  alone 
were  used  to  give  the  tape  temperatures,  vary  from  —  0o*135  to 
—  0O'175,  giving  thus  a  practically  constant  value  of  —  0o»155,  which 
we  adopt  as  the  correction  to  be  applied  to  the  means  of  those  ther- 
mometer readings  for  the  entire  work.  The  corrections  actnally 
applied  in  computing  the  lengths  of  fhe  sections  of  the  base  were,  by 
reason  of  an  error  in  making  up  a  table  of  corrections,  all  numerically 
larger  than  those  by  the  following  amounts  for  the  several  sections  of 
the  base  counting  from  the  west  end: 

First  section,  0°-028, 
Second  section,  0  -022, 
Third  section,  0  -021, 
Fourth  section,  0  -021. 
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ince  the  thermometer  corrections  are  all  negative,  and  since  the  rate 
r  expansion  of  the  tapes  is  l-OO*"*",  the  computed  length  of  the  base 
too  short  by 

1-09™  {10  (0-028  +  0-022  -f  0021)  +  8-7  (0021) j  =  0-97™. 

he  correction,  then,  to  the  measured  length  of  the  base  from  this 
>urce  of  error  is 

+  0.97* 


rmm 


(3)  Complete  data  for  reduction  to  sea  level  are  not  at  present 
vailable.  Table  XIII  following,  however,  gives  the  heights  of  the 
sveral  marking  tables  with  respect  to  the  top  of  the  marking  stone 
t  West  Base,  and^  also  the  mean  heights  of  the  several  tape  lengths 
dferred  to  the  same  datum  and  counting  from  West  Base  toward  the 
ast.  Every  tape  length  is  to  be  understood  as  100"^  long,  except  the 
dirty-ninth  or  last,  which  is  but  70"  long.  The  plus  sign  signifies 
bat  the  tables  or  mid  tape  lengths  were  higher,  and  the  minus  sign 
hat  they  were  lower  than  the  datum. 

Table  XIII. — Heights  of  marki/ng  tables  and  mean  heights  of 
*  tape  lengths. 


Mean 

Mean 

Height  of  table  at~ 

height  of 
tape  length. 

Height  of  table  at— 

height  of 
tapelength. 

Feet. 

Feet. 

Feet. 

Feet, 

West  Rase 

+    I  191 

Stake  21 

—  6575 

—  7-II2 

Stake    I 

-f    1848 

+    1-519. 

-22 

-5-184 

5880 

2 

-f    0655 

-f    1252 

23 

—  5-495 

—  5-340 

3 

—   0079 

-f    Or288 

24 

—  2-966 

—  4-230 

4 

+    2035 

+    0978 

25 

—  2719 

—  2-849 

5 

-h    2894 

-{-     2464 

26 

—  246 1 

—  2590. 

6 

-f    4-t54 

+    3-524 

27 

—  4-139 

—  3-300 

7 

+    3-938 

-+-    4046 

28 

—  4299 

—  4-219 

8 

+    2723 

+    3330 

29 

-4-615 

-4-457 

9 

-f    1269 

+     '-996 

30 

—  2-925 

—  3770 

lO 

-h    3592 

+     2430 

31 

—  2-596 

—  2-760 

II 

4-  5800 

-f    4-696 

32 

—  2  239 

—  2-418 

12 

+  3670 

4-   4735 

Z-^ 

—  2-249 

—  2-244 

n 

—  8044 

—   2*187 

34 

—  2175 

—  2*212 

14 

—  1 3*3^ 

—  10-702 

35 

—  2i6o 

—  2-168 

15 

-  13-368 

—  13-364 

36 

—  2-252 

—  2-206 

i6 

— 13773 

—  13570 

37 

—  0675 

—  1*464 

17 

8-856 

— 11-314 

38 

-f  0995 

+  0-160 

i8 

—   9-492 

—   9-174 

East  Base 

-f  2'IOI 

-f  1-548 

19 

—   8588 

—  9-040 

Stone,  E.  B 

•  -h  1-533 

ao 

—   7-648 

—   8118 

The  sum  of  the  mean  heights  of  the  tape  lengths  in  this  table  is  — 103-7 
ieet.  Hence  the  average  height  of  the  tape  above  the  stone  at  West 
Jase  was  — 2*66  feet. 

For  the  several  sections  of  the  base,  counting  them  as  hitherto  from 
he  west  end,  the  average  heights  of  the  tape  were  +2*18  feet^  --6*90 
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feet,  —  4-37  feet,  and  — 1'63  feet,  respectively,  above  the  stone  at  West , 
Base. 

{25)  Adopted  length  and  probable  error  of  8t,  Albans  Base, — ^The  value 
for  the  computed  length  of  the  base  adopted  in  section  22  is 

772B,y  +  loeas-i*"*". 

where  ^17  is  the  length  of  the  iced- bar  No.  17,  as  used  on  the  100""  com 
parator  of  Holton  Base.  This  length  is,  as  given  in  Chapter  u,  sec- 
tion 23,  in  terms  of  the  International  Metre, 

^j7  =  5°»  — 18-0^ . 

Thus 

772jB„  =  3860™  — 13-896*"". 

HencCi  introducing  this  value,  and  applying  the  corrections  for  grade 
and  error  of  applied  temperatures  giving  in  the  preceding  section, 
there  results  for  the  measured  length  of  St.  Albans  Base  3870*512". 

The  adopted  values  of  the  independent  errors  whose  resultant  giyes 
the  probable  error  of  this  length  are  given  in  sections  22  and  23.  They 
are — 

Probable  error  due  to  errors  of  measurement,  J:2'00™, 
'^  "       ''     "      "      of  tape  lengths,   ±2-32. 

Taking  the  square  root  of  the  sum  of  the  squares  of  tiiese,  we  have  for 
the  total  probable  error  of  the  base  ^  measured,  =t3-06"**'''.    This 
amounts  to  1/1  260  000th  part  of  the  base. 
We  write,  then,  for  the  measured  lengtli  of  St.  Albans  Base* 

3870-512"»  ±  3-1™. 

{26)  Results  of  special  experiments  wilh  tapes  on  8t,  Albans  Base,— 
After  the  measurements  of  St.  Albans  Base  were  completed,  certain 
experiments  with  the  tapes  were  made  with  a  view,  first,  to  redeter- 
mine their  relative  lengths;  and  second,  to  learn  more  of  their  behavior 
under  varying  temperature  conditions.  Incidentally,  also,  the  qaes- 
tions  of  friction  of  the  tape  on  its  supports  and  its  elongation  for  small 
increments  to  the  normal  tension,  were  .reexamined. 

For  these  purposes,  a  tape  length  of  the  base  presenting  average 
conditions  was  selected  and  used  as  a  comparator.  In  place  of  the 
marking  stakes  for  this  tape  length,  well  seasoned  wooden  posts  were 
set  firmly  in  the  ground.  On  one  of  these  posts  a  zinc  plate  having  a 
fine  reference  line  ruled  on  it  was  fastened.  On  the  other  post  a  heavy 
brass  plate  carrying  an  ivory  scale  5"^"^  long  divided  to  half  millimetres 
was  secured.  These  two  terminal  marks  and  the  intermediate  support 
nails  were  put  in  the  same  horizontal  plane.  The  tapes  were  stretched 
and  aligned  on  this  comparator  in  precisely  the  same  way  as  in  field 


*  The  approximate  elevation  of  the  haee  above  sea  level  la  ISO".    This  gives  ft 
oorreotion  of  —  109*°">  to  reduce  the  meaeared  length  to  sea  level. 
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rk,  except  that  the  stretcher  at  the  rear  end  was  fastened  once  for 
in  a  rigid  framework,  and  the  position  of  the  tape  controlled  by 
)  slow-motion  screw  of  the  balance  hook  to  which  the  tape  was 
«M^lied.  Variations  in  length  of  the  tapes  were  thus  observed  at  the 
nt  end  by  means  of  the  ivory  scale,  which  could  be  easily  read  to 
iths  of  millimetres.  The  thermometers  provided  with  steel  shields 
re  placed  10™  from  either  end  of  the  tape  and  read  by  the  observers 
the  ends  of  the  tape,  while  a  thermometer  with  bright  bulb  was 
id  at  the  middle  of  the  tape  length  by  the  observer  at  that  point,  who 
.o  flipped  the  tape  as  in  field  work. 

3bservations  on  the  tapes  were  made  oui  this  comparator  on  October 
19,  20,  21,  and  24, 1892.  On  the  first  four  dates  the  observations 
re  made  according  to  the  following  programme:  One  of  the  tapes 
ing  put  under  tension  and  brought  to  near  coincidence  with  the 
brence  mark  at  the  rear  end,  the  thermometers  were  first  read ;  the 
server  at  the  rear  end  then  brought  the  rear  end  graduation  of  the 
>e  accurately  to  coincidence  with  the  reference  mark  at  that  end  and 
:naled  this  fact  by  one  blast  from  his  whistle.  Thereupon  the  observer 
the  middle  of  the  tai>e  flipped  it.  As  soon  as  the  vibration  of  the 
3e  ceased  the  observer  at  the  rear  end  signaled  the  observer  at  the 
>nt  end  to  read  the  scale.  This  being  done  the  thermometers  were 
ain  read.  Then  the  other  tape  was  put  under  tension  and  a  similar 
;  of  observations  made  on  it  and  the  thermometers.  The  time  required 
make  such  a  series  of  observations  with  the  two  tapes  was  on  the 
Brage  about  five  minutes. 

3n  October  24  the  tapes  were  observed  on  separately,  one  during 
)  forenoon  and  one  during  the  afternoon,  and  the  thermometers  were 
id  but  once,  and  that  immediately  after  the  observations  on  the  tape. 
The  experiments  were  carried  on  regardless  of  the  weather  except 
it  they  were  discontinued  when  it  was  rainy.  They  began,  as  a  rule, 
3ut  9  a.  m.,  and  continued  until  about  9  p.  m.  Very  variable  condi- 
ns  were  thus  encountered.  The  early  mornings  of  the  dates  of 
servation  were  generally  cool  and  foggy.  As  the  fog  was  dissipated 
3  temperature  rose  rapidly  and  then  fell  less  rapidly  toward  sun- 
wn.  The  total  temperature  range  was  from  6^  to  36°  C,  and  the 
ily  ranges  varied  from  8°  to  23^  tor  the  different  dates. 
The  results  of  the  experiments  were  computed  in  the  field  by  Messrs. 
fcskell  and  Woodward,  and  subsequently  revised  at  the  office  by  Mr. 
fford,  who  also  plotted  all  the  temperature,  tape-length,  and  clondi- 
ss.curves  supplied  by  the  data.  A  study  of  the  numerical  data  and 
their  graphical  representation  reveals  the  following  special  char- 
beristics  of  the  experiments: 

[1)  Thatthe  temperatures  of  the  tapes  were  influenced  to  a  considera- 
i  extent  by  the  local  conditions,  which  forced  them  to  undergo  certain 
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typical  changes  of  length  dependent  on  the  type  of  day.  The  ther- 
mometers with  steel  sheaths,  while  following  the  changes  of  tape  tem- 
perature fairly  well,  indicate  some  systematic  differences  dependent  on 
the  local  conditions  and  on  lagging.  The  discrepancy  between  the  tape 
and  thermometric  temperatures  rose  in  extreme  instances  of  rapidly 
varying  temx>erature,  as  with  alternating  cloud  and  sunshine,  and  with 
alternating  currents  of  hot  and  cool  air,  to  3^  C. 

(2)  That  the  systematic  character  of  the  discrepancies  between  tape 
and  thermometric  temperatures  disappeared  largely  after  sundown. 

In  order  to  derive  the  difference  in  length  of  the  two  tapes  the 
quantity  D— To,  where  D  is  the  distance  between  the  terminal  marks 
of  the  comparator  and  To  is  the  length  of  either  tape  at  (K^ C,  was  com- 
puted for  each  set  of  observations  by  means  of  the  known  rates  of 
expansion  of  the  tapes.  It  was  assumed  for  any  date  when  the  two 
tapes  were  simultaneously  under  comparison  that  D  remained  conBtant, 
though  the  difference  in  lengths  of  the  two  tapes  is  practically  free 
from  any  change  which  may  have  occurred  firom  day  to  day  in  tiiat 
interval.  Table  XIY  following  gives  a  summary  of  the  results  of  the 
tape  comparison  computed  in  the  way  just  described.  The  first  column 
gives  the  dace,  the  second  the  number  of  comparisons  on  that  date, 
the  third  and  fourth  columns  give  the  mean  values  of  the  resulting 
differences  D  — To  for  the  respective  tapes,  and  the  last  column  gives 
the  difference  in  length  of  the  two  tapes  at  0^  O.,  found  by  subtracting 
the  result  in  the  third  column  from  the  corresponding  one  in  thefonrth: 

Table  XIV. — Observed  difference  of  tape  lengths  at  ^°  G, 


Date. 


1892. 
Oct.      18 

19 
20 

21 


No.  of 
compari- 
sons. 


14 

21 
24 


■  Mean  value  oC  i>—  '/•  for— ; 


Tape  85. 


ffim. 
0-68 
"ho-io 

—078 

—070 


Tape  88. 


WW. 

—3*37 

-  274 

— 3'4» 

—305 


at  ©«  V. 


mm. 

-  2-69 
2S4 
263 

2-35 


In  deriving  a  final  mean  value  of  Tn— T^  from  the  results  in  the  last 
column  of  the  above  table  it  is  thought  best  to  assign  weights  propor- 
tional to  the  number  of  comparisons,  except  in  the  case  of  the  result  of 
October  20.  On  this  date  the  observations  were  not  extended  into  the 
night,  and  the  result  from  them  is  for  this  reason  of  less  weight  than 
the  other  results.  Hence  we  assign  a  weight  2  to  the  result  of  October 
21  and  a  weight  1  to  each  of  the  other  results.  Their  weighted  mean 
is  then  • 

-I-  2-57'"'"  ±  0-07'"'". 

This  is  larger  by  0-12^""'  than  the  difference  in  length  of  the  tapes 
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furnished  by  thoir  equations  given  in  section  14,  Ohapter  IV.  This 
latter  difference  is 

2.45min  ^  o-OS"™, 

as  shown  in  section  23  above.  The  discrepancy  0*12'<^  is  thus  only 
once  and  a  half  times  its  probable  error,  so  that  we  can  not  infer  with 
any  considerable  probability  that  any  change  in  the  relative  lengths  of 
the  tapes  has  occurred  since  their  absolute  lengths  were  determined  on 
the  Holton  comparator.  It  is  possible,  however,  as  remarked  in  sec- 
tion 23,  that  this  discrepancy  may  arise  from  a  lack  of  defining  x>ower 
of  the  hand-magnifying  glasses  used  in  the  tai)e  comparisons  at  St. 
Albans.  Such  power  would  not,  it  is  believed,  preclude  the  occuiTcnce 
of  an  actual  error  equal  to*  this  discrepancy.  It  may  be  remarked, 
however,  that  the  maximum  possible  error  of  St.  Albans  Base  due  to 
this  discrepancy,  even  if  real,  is  only  slightly  greater  than  one  two- 
millionth  pftrt  of  its  length. 

Finally,  it  seems  worth  while  to  give  the  results  of  certain  observa- 
tions made  on  October  24, 1892,  for  the  purpose  of  getting  an  idea  of 
the  error  involved  in  the  operation  of  laying  and  stretching  the  tape. 
It  happened  on  this  date  that  very  favorable  conditions  for  determining 
this  error  presented  themselves.  That  is,  the  temperature  was  very 
steady,  the  sun  being  obscured  by  clouds;  there  was  equilibrium  of 
radiation  as  shown  by  the  near  equality  in  readings  of  the  thermome- 
ters with  black  and  bright  bulbs,  and  there  was  little  if  any  wind. 
Under  these  circumstances  three  sets  of  observations  were  made  with 
the  tape  and  thermometers  in  the  same  way  that  observations  are  made 
in  measuring  a  line,  except  that  the  tape  was  not  removed  from  the 
support  nails  of  the  comparator,  and  that  the  position  of  it«  front  end 
was  read  on  the  millimetre  scale  instead  of  being  marked  on  a  zinc 
plate.  The  tension  of  the  tape  was  in  each  case  brought  up  from  zero 
to  the  standard  amount,  and  all  other  operations  performed  in  precisely 
the  same  manner  as  in  the  work  of  measurement.  Table  XY  below 
gives  the  results  of  these  observations.  The  first  cohimn  gives  the 
limiting  times  of  day  of  the  groups  of  observations ;  the  second  gives 
the  temperature  observed  by  the  thermometers;  the  third  gives  the 
reading  of  the  tape  on  the  scale  at  its  front  end,  the  tape  being  set  in 
each  case  to  coincidence  with  the  mark  at  its  rear  end;  the  fourth  gives 
the  values  of  D—  To,  or  the  difference  between  the  compai*ator  interval 
and  the  length  of  the  tape  at  0""  C. ;  and  the  last  column  gives  the  dis- 
crepancies V  between  the  individual  results  for  any  group  and  their 
mean. 
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Table  XV. — Results  of  observations  of  error  in  laying  a  iofpe  fewgtt. 


Time. 

Tempenip^^ 
ture. 

Scale  read- 
ing. 

D—n. 

(C-^). 

1892. 

0 

fHfn. 

fntn. 

W/Ht 

Oct'. 

24,  4:29 

11*51 

12*5 

-foio     , 

-foo5 

11-36 

12*3 

•14 

4-  01 

11-36 

12-2 

24 

—  09 

11*26 

12*1 

•23 

—  08 

11*21 

12*1       > 

•17 

—  -02 

II-II 

I2-I 

06 

-h   09 

Ii*i6 

12*1 

*I2 

-f-   03 

4:35 

irii 

12*0 

•16 

—  01 

4:50 

10*27 

1 10 

-fO*24 

-I-0-02 

10*32 

iro 

■30 

—    04 

10*32 

no 

•30 

—    04 

10.37 

iri 

25  • 

-}-   -01 

10*32 

ii-i 

•20 

-f    06 

10-32 

iro 

•30 

—    04 

10*32 

11*0 

.30 

-     04 

4:57 

10*42 

11*2 

•21 

+     05 

5:04 

10-22 

ii-i 

-f-O-09 

-fooi 

10*22 

iri 

•09 

4-    ^I 

10-17 

no 

•13 

•03 

10*22 

ii-o 

•19 

—   -09 

IO-22 

II-I 

•09 

+  -Of 

5:10 

10*17 

n*i 

•03 

+  -07 

The  residuals  given  in  the  last  column  of  this  table  arise  from  errors 
in  defining  the  positions  of  the  tape  at  its  ends^  from  friction  of  the 
tape  on  its  supports,  and  from  variations  in  temperature  of  the  tape 
not  registered  by  the  thermometers.  Presumably,  the  latter  source 
contributed  little  to  the  resultant  error  during  the  short  periods  of 
time  covered  by  the  groups  of  obervations;  but  whether  allowance  be 
made  for  the  temperature  error  or  not,  it  appears  that  the  operation  of 
placing  and  stretching  the  tape  was  subject  to  very  small  errors. 
Thus,  the  average  value  of  the  residuals  in  the  table  is  ±  0-04"»,  the 
maximum  0*09™",  and  the  corresponding  probable  error  of  a  single 
value  of  D  —  To  is  ±  0'03""".  The  probable  error  of  laying  a  single  tape 
length  is  undoubtedly  somewhat  greater  than  this  amount  under  such 
conditions  as  are  met  on  the  average  in  field  work;  but  it  seems  essen* 
tial  to  conclude  from  the  above  observations  that  the  more  formidable 
errors  which  affect  such  tape  measurements  as  have  been  described  in 
the  preceding  pages  arise  from-  defective  means  of  getting  the  tapers 
temperature  rather  than  from  imperfections  of  manipulation.* 

*  The  results  of  the  experiments  on  the  elongation  of  the  tapes  for  increments  to 
the  normal  tension  are  given  in  Supplement  B,  section  5.  • 
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Bl^PPLEBTENT  A. 
METHOD  OF  COMPUTING  CORRECTION  FOR  FLEXURE  OF  5™  BAR  ^,7. 


(1)  Xature  of  flexure  considered. — As  explained  in  Chapter  I,  section 
3,  the  normal  length  of  the  5'"  bar  T?,^  is  the  distance  between  its  end 
transverse  graduations  when  the  upper  surfaces  of  the  alignment  plugs 
sire  in  one  plane  and  when  the  longitudinal  marks  on  those  plugs  are 
in  the  same  straight  line.  Whenever  the  bar  is  flexed,  the  distance 
l)etween  the  graduation  lines  is  less  than  the  normal  distance.  The 
flexure  here  considered  is  that  due  to  changes  in  temperature  of  the 
vertical  web  of  the  Y-trough  and  to  variable  load  on  the  same.  This 
flexure  is  in  a  vertic^al  plane,  and  it  is  measured  by  means  of  the  long 
striding  level  in  the  manner  described  in  section  9,  Chapter  I.  The 
level  reaches  from  any  plug  to  the  second  adjacent  plug  on  either  side, 
consecutive  plugs  being  495"""  apart. 

Before  trying  the*apparatus  it  was  feared  that  this  flexure  might  be 
considerable  during  the  course  of  a  day  presenting  wide  temperature 
variations,  and  hence  adequate  provision  was  made  for  measuring  the 
corvature  of  the  bar  and  computing  a  correction  therefor.  *  Experience, 
however,  has  shown  that  such  fear  wa^  ill-founded.    It  has  shown,  in 
fact,  that  by  means  of  the  long  striding  level  the  bar  may  be  made  so 
straight  in  the  Y-trough  that  no  appreciable  variation  in  its  length  will 
result  in  the  course  of  any  ordinary  day.     The  largest  correction  for 
sucli  flexure  which  has  occurred  in  our  experience  with  the  bar  is  0*3t>, 
which  may  well  be  regarded  as  a  negligible  quantity.    But  it  might 
happen  that  so  close  an  adjustment  would  not  be  secured  always,  or  it 
Diight  happen  that  in  the  course  of  a  considerable  length  of  time  wide 
Variations  in  temperature  of  the  external  air  would  occur  and  produce 
sensible  changes  through  flexure  in  length  of  the  bar.    It  seems  worth 
while,  therefore,  to  give  the  results  of  my  study  of  this  question, 
ulthough  it  need  not  be  a  very  imi)ortant  one  >vith  the  iced  bar  appa- 
ratus. 

Before  proceeding  to  the  details  of  the  question,  it  may  be  remarked 
that  the  flexure  here  considered  is  due  almost  wholly  to  temperature 
f  changes  in  the  web  of  the  Y-trough.  Such  changes  are  noticeable  from 
day  to  day,  as  a  rule,  rather  than  during  a  given  day.  In  our  experi* 
^ce  they  have  partaken  of  the  character  of  seasonal  changes,  or  of 
such  slow  changes  as  acrcompany  a  hot  or  cold  wave.  Thus,  for  exam- 
ple, during  the  last  set  of  measures  of  the  standard  kilometre  of  Holton 
Base^  in  September,  1891,  the  air  temperature  was  pretty  high  and  the 
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bar  was  concave  upwards.  About  ten  day8  later,  in  early  October,  tlie 
air  temperature  had  fallen  about  15^  C,  and  the  bar  at  this  time  when 
used  on  the  100"'  comparator  wa«  markedly  convex  upwards. 

In  the  construction  of  the  bar,  pains  were  taken  to  make  the  upper 
surfiices  of  the  alignment  plugs  equally  distant  from  its  neutral  sar 
face.  This  was  accomplished  with  precision  by  uieans  of  the  striding 
level  referred  to  above;  and  we  may  assume  that  a  surface  similar  to 
and  parallel  with  the  neutral  surface  of  the  bar  can  be  drawn  tangent 
to  all  of  the  alignment  plugs.  The  sinuosities  of  this  surface,  or,  more 
definitely,  of  the  line  in  this  suface  cut  out  by  the  vertical  aligmnent 
plane  of  the  bar,  are  measured  with  the  striding  level ;  and  they  accord 
sensibly  with  the  sinuosities  of  the  corresjwnding  line  in  the  neutral 
snrfac^e. 

(2)  Theory  of  computation. -^If  n  be  the  length  of  any  curve  whose 
rectangular  co-ordinates  are  ;r  and  y. 

In  the  case  of  the  5"'  bar  here  considered,  dy/djr  is  always  very  small, 
HO  that  we  may  writ-e 


dH 


/^dy\^ 
=  d.v  +  i[j^J  ^.f  -  .  .  .  , 


whence  the  correction  for  curvature  of  the  bar  is 


'•  -  -1 = */(S)*'" 


(1) 


tiiken  between  proper  limits. 

Consider  the  sinuous  curve  defined  above.  If  it  could  be  completdy 
determined,  it  would  be  tangent  to  the  plugs  1,  3  ...  11  whereon  tbe 
long  striding  level  is  applied.  Eefer  this  curve  to  a  system  of  rectangu- 
lar axes,  the  origin  being  at  plug  No.  1  and  the  axis  of  x  being  the 
straight  line  joining  the  terminal  plugs  1  and  11.  The  level  readings 
at  any  time  give  the  co-ordinates  of  the  plugs  3,  5  ...  11  relatively  to 
a  system  of  axes  having  the  same  origin  and  a  horizontal  line  tangent 
to  plug  Ko.  1  as  axis  of  obscissas.  Galling  the  co-ordinates  in  the  lat- 
ter system  a?',  y',  and  denoting  the  sine  of  the  inclination  of  the  two 
systems  of  axes  by  <7,  we  have,  since  cr  is  always  small, 

.V  -    .r', 

y  =  ^  (Tjr'  +  y\ 

The  quantity  <y  will  vary  from  time  to  time,  or  from  set  to  set  of  obser- 
vations, while  the  values  of  y  for  any  plug  will  remain  constant  for  a 
given  ad^justment  of  the  bar  and  for  stable  temperature  of  the  Y-troagb. 
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Let  /ii,  ^,  .  .  .  /^5  be  the  measured  values  at  any  time  of  the  relative 
heights  of  plugs  1  and  3,  3  and  5,  ...  9  and  11,  respectively;  and  let 
ri,  f?i,  .  .  .  Vi  be  the  most  probable  corrections  to  /ti,  ^  .  .  .  respec- 
tively. Thus  if  we  ctall  the  distance  between  the  feet  of  the  striding 
level  Ij  and  denote  the  ordinates  of  the  plugs  3,  5,  7,  9, 11  in  the  first 
system  of  co-ordinates  by  yi,  y2j  ••  •  •  ysj  we  have 

^i  =  Ai  +  vi  —  la, 

y^  =  hi  -\-  vx  +  ht  +  Vi  —  2lcrj 

y^  =z  hi  +  Vi  +  /i2  4-  i?2  +  ^h  +  ^3  —  3i<r, 

^4    =    fe,    +    r,    +    /l2  +    ^2   +    ^3   +    «?.1   +    *4   +    ^^4   —   4^0-, 

ys  =  A,  4-  r,  +  h2  +  Vt  +  h.i  +  t'a  +  h^  +  ^4  -h  ^'o  -I-  t?3  —  5^0-. 
From  these  it  follows  that 


l<r  +  yi  —  hi  =  ri, 

^^  +  Vz  —  llx  —  h  =  ^^2, 

i(y  +  y^  —  y2  —  '«3  =  ^3, 

l(y  +   Va   —  .VS  —   ^4  =   t?4, 

^<y  4-  ys  —  y4  —  '*5  =  ^5. 


(2) 


Now  the  function  of  x,  <p{x)  say,  which  is  to  represent  the  curve 

x^hose  length  is  sought  must  evidently  fulfill  the  following  conditions, 

namely: 

{p  (x)  rs:  0  for  j:  =  0, 

(p  (x)  =  0  for  X  =  r>L 


The  most  general  form  of  such  a  function  is 

y  =  (p(x)  =s  rt  sin  2  ;r  f^j+  b  sin  4  n  ^  +  .  .  .  , 


\0l 


10? 


(3) 


wherein  a,  2?,  .  .  .  are  constants.  8iiice  the  number  of  observation 
equations  (2)  is  limited  to  5  (in  this  case),  the  number  of  constants  or 
terms  in  (3)  must  be  limited  to  4. 

Giving  to  a?  in  (3)  the  values  i,  2/,  ...  5/  successively,  the  values  of 
yij  y2>  •  •  •  Vh  result;  and  if  we  write  for  brevity 


fi'  =  2  rt  sin  jV  ;r, 
//  =  2  [^'  sin  -^^  n, 


(4) 


a 


=  h  TT^  fi  ^  h'^'iY  —  TO  ^) 


the  above  equations  (2)  become 

la  +  a'  cos  a  +  ft'  cos  ^  -^  d  cos  y  +  . 
io'  4-  cos  3  a  +  cos  3  /?  +  cos  3^4-. 
la  4-  cos  5  or  4-  cos  5  )S  4..  cos  5  ;/  4-  . 
icf  4-  cos  7  a  4-  cos  7/^4-  cos  7  y  4-  . 
^<y  +   cos  9  a  4-   cos  9  /?  4-   cos  9  ;/  4-  . 


A3 

^5 


172, 


-  A^  =  1)4, 

=  t?5. 


(5) 
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By  the  method  of  least  squares  there  result  &om  equations  (4)  and 
(6)  the  following  values,  wherein  n  is  successively  1,  3,  5  ...  9: 

liT^i  [A], 

a  =  JA^?-!Lf^],  b  =.R^^J^,  (6) 

5  sm  a    '  5  sm  >^    '  ^  ' 

^  __[k  cos  n  y]  % 

c  —  •= — = . •    •    •    •    • 

5  sin  y 

The  constants  a,  6,  o,  .  .  .  in' (3)  are  thus  found  from  the  observed 
quantities  h. 

If  now  for  brevity  we  put 

« 

equation  (3)  may  be  written 

y  =  a  sin  ^  +  6  sin  2  6^  +  c  sin  3  0+  .  .  .  ^ 
whence, 

^?=  5,  (a  cos  «  +  2  6  cos  2  ^  4-  3  c  cos  3  ^  +  .  .  .  ). 
ax     ^^ 

This  value  substituted  in  equation  (I)  gives 

51 


0  0 

=  _J  Aa  COS  61  +  2  6  cos  2  (9  +  .  •  .  )'  d  ^  0) 

0 

=  m^""'  +  4  6"^  +  9  c»  +  .  •  .  ). 

The  last  member  of  (7)  gives  the  correction  for  flexure  [h  —  x]  by  an 
easy  computation  after  the  values  of  a,  6,  c,  .  .  .  have  been  found  from 
equations  (6).  In  all  cases  to  which  the  formulas  have  been  applied 
the  first  three  terms,  or  those  in  a,  6,  o,  have  sufficed. 

(3)  Example  of  computation. — As  an  example  of  the  application  of 
the  preceding  formulas  the  following  case,  which  is  the  ease  of  greatest 
^exure  observed  with  the  apparatus  may  suffice.    It  occurred  on  July 
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27 J  1892.    The  observed  quantities  h  and  the  computed  quantities 
h  cos  n  a,  h  cos  n  fi^  etc.,  are— 

h.  h  cos  na.      h  cot  n  0.      h  cos  n  y.      h  cos  n  S, 


mm. 

mm. 

mm. 

mm. 

mm. 

—  0324 

—  0308 

TT-  0262 

—  0-191 

-  O-JOO 

—     108 

—    -064 

-h     ojs 

+    -103 

-t-    -087 

—     018 

•000 

-i-    -018 

'OOO 

~     018 

-f    -288 

—    '169 

•089 

+   274 

-     233 

+    720 

•685 

+    -582 

—   423 

-f      "222 

Sura     —  I '226      -f-  0*282      —  0*237      —  0*042 

Then  the  values  of  a,  6,  c,  dj  found  from  (6),  and  a\  4ft*,  etc.,  for  use 
iu  (7)  are  ^ 

mm, 
a  =  -  0-793,      a»  =  0-629, 
6  =  +    -096,    46»  =    -037, 
c  =  -     058,    9c^  =     030, 
d  =  -     009, 16(P  =    -001, 


Sum        0-697 

Hence,  since  I  =  990°"", 

[8  -  x]  =  0-35'*. 
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SUPPLEMEIS'T  B. 
MATHEMATICAL  THEORY  OF  METALLIC  TAPES. 


(1)  Object  of  investigation. — Tbe  ase  of  long  metallic  tapes  or  wires 
in  measures  of  precision  gives  rise  to  a  number  of  questions  which  can 
only  be  answered  by  a  competent  mathematical  theory  or  by  a  series 
of  elaborate  experiments.  Thus,  in  the  use  of  such  tapes  it  is  essential 
to  know  how  to  compute  the  change  in  length  due  to  a  change  in  ten- 
sion, the  change  in  length  due  to  a  change  in  the  number  of  supports  ou 
which  the  tape  rests,  the  change  in  length  due  to  a  change  in  weight  per 
unit  length  of  the  tape,  etc.  It  is  the  object  of  this  brief  investigation 
to  give  so  much  of  the  theory  of  such  tajies  or  wires  scs  is  needed  to 
answer  these  practical  questions. 

(2)  Equations  of  equilibrium  of  elastic  tapes. — The  theory  of  the  equi- 
librium of  elastic  strings,  tapes,  etc.,  is  given  in  one  form  or  another 
in  various  treatises  on  mechanics.  It  generally  proceeds,  however,  on 
the  assumption  of  "perfect  flexibility''  of  the  material  of  the  tape,  o»r  on 
some  other  doubtful  assumption  as  to  the  internal  stresses  of  that 
material.  Properly  speaking,  the  inquiry  belongs  to  the  theory  of  elas- 
ticity, and  its  correct  basis  has  been  clearly  set  forth  by  Lam4  in  sec 
tions  39-41  of  his  Lemons  stir  la  Th^orie  Math^matique  de  I/filasticite 
des  Corps  Solides.* 

A  tape  as  here  considered  is  an  elastic  body  of  small  cross  section 
subject  to  tension  applied  at  its  ends  and  to  any  bodily  forces,  but  tree 
from  surface  tractions.  The  cross  section  must  be  so  small  that  the 
tension  per  unit  area  may  be  considered  constant  over  the  entire  area 
of  any  section.  Let  co  be  the  cross  section  and  p  the  density  of  the 
tape  at  any  point  of  its  length  defined  by  rectangular  coordinates  x,  y, 
z.  Let  T  be  the  total  normal  tension  on  the  section  a?,  and  denote  the 
rectangular  components  of  the  bodily  forces  by  X,  Y,  Zi  respectively. 
Then  the  investigation  of  Lam6  just  referred  to  shows  that  the  C4]ua 
tions  of  equilibrium  of  the  element  of  mass  pcods  are 

^  (  T'dk)  ^        ^      ^ 
d  ^ 


(^,?) 


ds 
d  ' 


+  pcoY  =  0,  (1) 


(^a) 


ds 


+  pcoZ  =  0. 


Second  editiou,  Gauthier-VillAre,  Pari8^  1866. 
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These  equationB  contaiu  the  general  theory.  To  adapt  them  to  our 
purposes  we  observe,  first,  that  the  only  bodily  force  acting  on  a  tape 
wheii  nsed  as  a  standard  of  length  is  gravity,  and,  secondly,  that  the 
curve  assumed  by  such  a  tape  lies  wholly  in  a  vertical  plane.  Thus,  if 
we  take  this  plane  to  be  that  of  xy^  y  being  considered  positive  upwards, 
we  may  write  JT  =  0,  and  Y  ==  —  gm  the  first  two  of  equations  (1),  and 
they  become 

=  0.  • 


< 


(^S) 


d» 

$ 

Further,  let  po,  a^o  ^o  be  the  density,  cross  section,  and  length  of 
the  -element  of  the  tape  considered  when  it  is  not  under  tension,  ds  is 
thus  the  stretched  and  ds^^  the  unstretched  length  of  this  element. 
Also,  let  /i  be  the  reciprocal  of  the  modulus  ()f  elasticity  of  the  tape 
multiplied  by  the  area  of  its  cross  section.  Then,  since  the  mass  of  the 
element  remains  constant  and  Hooke's  law  applies  to  its  elongation, 

(3f^  =  (1  +  ^iT)ds,,.  ^^ 

Since  the  tapes  we  consider  are  of  uniform  cross  section  when  un- 
stretched, we  may  write  for  the  weight  per  unit  of  unstretched  length 

«?   =   ftoCOoff.  (4) 

By  means  of  the  relations  (3)  and  (4),  equations  (2)  may  be  given  the 
following  forms: 

/     dx\  (5) 

—  rf*—  ~    ' 
dy 


"  (^7.) 


=    fP, 

O 


ds,         -  "' 


/      dx\  (''^ 


B.  Ex.  37—31 


=  0. 
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(3)  Integration  of  equations. — A  first  integral  of  the  second  of  eqiia 

tions  (5)  is 

dx 
r  ^  =  a  constant  =  r,  say, 

where  r  is  the  horizontal  component  of  the  tension,  or  the  tensiou  at 
the  lowest  point  of  the  cnrve  assniued  by  the  tape.  From  this  equa- 
tion 

which,  substitated  in  the  first  of  (5),  gives,  aft«r  some  obvious  dianges, 

The  first  integral  of  this  equation,  if  we  take  the  origin  at  the  lowest 
point  of  the  curve  so  that  dyldja  =  0  for  a?  =  0,  is 


"«<^|W'  +  (1)") 


4-  /<  r^  dy  =  wx. 


In  order  to  integrate  again,  we  may  expand  dyjdx  \\&  a  function  of  the 
small  quantity  //  by  means  of  Maclaurin's  series.  Thus,  the  lost 
equation  gives  for  /<  =  0, 

dx        ^  ^  '' 


dpi 


•  • 


in  which  e  is  the  Napierian  base.  On  account  of  the  minute  value  of 
/I  for  metallic  tapes,  the  higher  difterential  coefficients  of  dy/dx  with 
respect  to  ^  are  not  needed.  Hence,  to  terms  of  the  first  order  in  //, 
we  have 

whence,  since  the  origin  is  on  the  curve, 

(7) 
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m 

For  brevity  put 

a  =  *^  (8) 

Then  equation  (7)  gives  by  expansion    • 

y  ==  i  ax^  +  2^  a'  -t*  -h  y^Vo  a'  jf*  +  .  .  . 

+  (i-*^  +  i  «'^  a?^  +  iV  «*  •'^  +  •  •  •)  /^  ^* 
Referring  now  to  equations  (6),  their  first  integrals  are 


(9) 


T  %  =  w  («„  +  ti)\ 
da: 


(10) 


where  /3  and  r  are  constants,  the  latter  being  as  explained  above  the 
horizontal  component  of  the  tension.  The  sum  of  the  squares  of  (10) 
gives 

T'=T^+tC^{8,  +  fi)\  (11) 

Eliminating  T  and  dn  from  (10)  by  means  of  (3)  and  (11),  there  result 

dy  =  Mic  (..  +  /?)  ds,,  +  -^^^Ah^l^^, 

y/  r^  +  W'  (So  +  (if 

-J  ^      .  r  ds^  ' 

ax  =z  fx  r  dSo  +     .— , 


V  r*  +  tv'  (»„  +  /sy 

If  the  origin  be  taken  on  the  curve,  the  integrals  of  these  equations 
are* 

y  =  ia(i  +  M  r)\(H,  +  fif  -  /^^J—  i  a'  \(s,  +  (iy  ^  ft^x  +  .  .  .  ^ 

a?  =  (1  +^  Mr)  «„  -  1  a^  i(.9o  +  (if  -  A*^}  +  •  .  .  (1^3) 

The  differential  equations  of  equilibrium  (5)  and  (6)  are  thus  com- 
pletely integrated,  and  the  form  of  the  curve  assumed  by  the  tape  is 
assigned  by  either  (7),  (9),  or  (12). 

It  will  be  essential  in  what  follows  to  have  an  expression  for  the 
unstretched  length  of  the  tax)e  «o  in  terms  of  x  for  the  case  in  which  the 
ends  of  the  tape  are  in  the  same  horizontal  line.  In  this  case,  if  we 
take  the  origin  at  the  lowest  point  of  the  curve,  or  at  the  middle  point 
of  its  lengthy  /?  =  0,  and  the  second  of  (12)  gives 

a?  =  (1  +  ^ir)  So-ia^  «o^  +  j\  a*  *of  -  •  '  •  ; 

*The  finite  forms  of  the  integrals  of  these  equations  are  not  so  weU  adapted  to 
our  purposes  as  the  series  given  in  the  text. 
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wbence,  by  reversion,  we  have  to  a  sufficient  degree  of  approximation 

«o  =  (1  - /^0^  + J«*^  -  •  "  '•  (13) 

(4)  Sag  of  tape. — The  sag  of  a  tape  is  the  vertical  distance  of  its 
lowest  i>oint  below  either  of  its  adjacent  points  of  support.  It  is  the 
value  of  ^  in  equation  (7)  of  (9)  when  x  is  the  abscissa  of  tiie  point  of 
support  to  which  the  sag  is  referred.  When  the  supports  of  a  section 
of  a  tape  are  in  the  same  horizontol  line,  the  sag  is  found  from  (9)  by 
substituting  for  x  half  the  span  of  the  section. 

It  will  be  of'  interest  to  consider  a  numerical  example  with  reference 
to  the  tapes  used  with  the  tape  base  apparatus  described  in  Chapter 
IV.    Thus  we  have  for  steel  tape  No.  85 :  • 

Weight  per  metre  of  length  =  li?  =  22'32  grammes, 
applied  tension  (25'5  pounds)  =  r  =  11567  gi*amiuea. 

Hence  the  constant 

a  =  (m?/t)  =  193  X  10-*. 

We  also  have  for  this  tape 

/i  =s    16  X  lO-*  for  the  gramme  as  unit, 
=  450  X  lO"*  for  the  ounce  as  unit. 

With  these  data  the  computation  of  the  sag  for  a  span  of  40™  {x  =  20") 
by  equation  (9)  runs  as  follows: 

J  (*  JL^  =  0-386000 

ji^^a^  j:*  =    -000048 

i  fiw  .i-*  =    •(K)0072 

Sag  =  y  =    -386120 

It  appears  therefore  that  for  such  a  tai)e  and  such  a  tension,  the  sa^if 
for  spans  less  than  40"  in  length  is  given  with  sufficient  accuracy  by 
the  simple  formula  y  =  ^  ax^, 

(5)  Change  in  length  of  tape  due  to  chatige  in  tension. — Suppose  a  tape 
supported  at  a  number  of  equidistant  points  all  in  the  same  horizontal 
line.    Let 

n  =  the  number  of  sections  into  which  the  tape  is  divided  by  the 

equidistant  sui)ports, 
I  =  the  span  of  any  such  section, 

^o  =  the  unstretched  length  of  the  tape  in  the  same  section, 
L  =  the  normal  length  of  the  entire  tape,  or  right  line  distance 
between  its  terminal  marks  when  under  standard  tension 
=  -2t 
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Making  )9  =  0  in  tbe  second  of  equations  (12)  (since  the  supports  are 
assumed  to  lie  in  a  horizontal  line),  and  putting 

we  get 

I  =  (1  +  //  r)  io  -  ij^f  a'  ^o'  +  •  •  •  .  (14) 

Since  the  sections  are  of  equal  length  we  have 

^'Z  =  L  =  (1  +  /i  t)  «  io  -  sV  «  «'  'o'  +  •  •  • .  (15) 

Difterentiating  this  with  respect  to  r,  the  change  in  length  of  the 
tape,  JXi  say,  due  to  a  change  Jr  in  r  is  found  to  be 

ALx  =  nh^4AT  +  -,\  ahil\  ^.  (16) 

Obvionsly  one  may  use  I  for  2o  iii  this  formula,  a  roughly  approxi- 
mate yalue  of  lo  being  in  general  quite  sufficient  for  computing  tbe 
small  quantity  ALx. 

ExampU. — For  tape  No.  85  when  supi)orted  at  equidistant  intervals 
of  Vy^  we  have — 

n  =  10, 
I  =  10"', 

w  =  22*32  grammes  per  metre, 
T  =  25*5  pounds  =  11507  grammes, 
a«=  {wjrf  =  372  X  I0-«, 
//  =  16  X  10"^,  for  gramme  as  unit, 
=  450  X  10-^  for  ounce  as  unit.* 

Henc^  for  Jr  =  1  ounce, 

nlfA/Hr  =  10  X  10"'  X  410  X  10  9  =  0-0450 

^^a^^ip'^^^  ,V  X  372  X  10-«  X  W  X  jh         =  0-0076 

JLi         =  00526 

It  may  be  observed  that  the  quantity  JLi  can  be  measured  directly 
by  increasing  and  decreasing  the  tension  r  in  the  vicinity  of  its  standard 
value.  From  a  small  number  of  observations  made  in  1891  by  this 
process  the  value  JXi  =  0*047"™  per  ounce  was  found  for  tape  85  with 
r  =  25*5  pounds.  -A  more  elaborate  series  of  observations  made  in 

■—  ■■■■■—■■  ■      —■»■»■  ■ —  ■■■■■    ^p.- --■■      ■^.i        ■■■■»>■■      -*■       __    I  .       ■■■■■-■ 

*  Since  the  cross  section  of  the  tape  is  6*34™'"  x  0'47™"',  or  0*0298  square  centi- 
metreSy  the  value  of /^  corresponds  to  a  modulus  of  2*1  x  10^  kilogrammes  per  square 
centimetre  or  30  X  10^  pounds  per  square  inoh.  This  value  of  /i  was  determined  by 
measuring  the  variations  of  length  of  a  piece  of  the  tape  due  to  variations  in  tension 
when  the  tape  lay  on  the  flat  Mural  Standard  of  the  Coast  and  Geodetic  Survey.  ' 
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1892  with  the  same  tape  and  tension  gave  JLi  =  ()-0o3"">  per  oanoe, 
which  agrees  well  with  the  value  just  computed  from  the  weight  per 
unit  of  length  and  the  modulus  of  elasticity  of  the  tape.  The  value 
JXi  =  0'05™"  may  be  adopted  for  tapes  85  and  88  when  r  =  25*5  pounds. 

(6)  Change  in  length  of  tape  due  to  change  in  number  of  supports. — Sap- 
pose  the  tape  divided  by  \t»  equidistant  supports  (all  in  the  same  hori- 
zontal line)  first,  into  nij  .sections  of  length  2|,  and  secondly,  into  112 
sections  of  length  k^  Then,  assuming  the  tension  the  same  in  both 
cases,  the  difference  in  distance  between  the  terminal  marks  of  the 
tape,  JLt  say,  as  shown  by  equation  (14)  is 

JL2=2(l2^  I,)  =  ^\-a'  (n:h'  -  M^),  '  (17) 

«2>«|. 

When  a  tsipe  is  supported  throughout  its  length  on  a  horizontnl 
plane,  as  on  a  mural  standard,  712  in  (17)  becomes  infinite  and  k  infini- 
tesimal. If  we  denote  the  length  of  the  tape  in  this  case  hy  L  ^  —  ^k 
and  call  its  length  in  the  case  uf  71  sections  L^  =  2lj  equation  (17)  gives 

L^-^Ln=  -A-  «'  «^.  (18) 

To  find  the  shortening  of  a  tape  due  to  the  omission  of  one  support, 
we  have  only  to  make  n2  =  2,  ni  =  1,  and  ii  =  2fe«=  27  say  in  (17).  It 
gives  thus 

JX,  =  i  a^  P,  (19) 

I  being  the  length  of  a  section  when  no  supports  are  omitted. 
Similarly  the  omission  of  m  consecutive  support's  shortens  a  tape  by 

oV  m  {m  +  1)  (m  4-  2)  a^  P, 

where  I  is  the  length  of  a  section  when  no  supports  are  omitted. 

Numerical  examples. — (1)  For  the  100™  tape  No.  85,  ni  =  o  and  li  =  20»' 
when  the  supports  are  20»^  apart;  and  th  =  10  and  k  —  10'"  when  the 
supports  are  10'"  apart.  Hence  in  this  case,  since  a*  =  372  x  10"*, 
when  the  tension  is  25-6  pounds,  (17)  gives 

AU^^X  372  X  10-«  ( 5 (20)3  _  iQ  (10)3 1  ^  4.05»m 

(2)  For  the  same  tape  the  omission  of  one  support,  supposing  them 
to  be  10"'  apart,  or  /  to  be  10'",  shortens  it  by  0-93"»"*  as  shown  by  (19). 

(3)  Equation  (18)  shows  that  tape  No.  85  would  be  l-56™"»  longer 
when  lying  on  a  horizontal  surface  than  it  is  when  supported  at  equi- 
distant intervals  of  10™,  the  tension  in  both  cases  being  25-5  poutids. 

(7)  Change  in  length  of  tape  due  to  change  in  weight  per  unit  length.— 
It  is  of  some  interest  to  have  an  expression  for  the  change  in  length  of 
a  tape  due  to  a  change  in  its  weight.  Such  changes  may  occur  from 
wear  or  from  a  deposit  of  dew  on  the  tape.    An  expression  is  found 
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by  differentiating  (15)  with  respect  to  w.    Thus,  calling  the  change  in 
question  J  1^3,  we  find,  since  a  =  w/r, 

Ji3=  -  J^-naM3  ^^.  (20) 

This  formula  shows,  for  example,  that  when  the  100""  tape  No.  85  is 
supported  at  equidistant  intervals  of  lO""  and  is  under  a  tension  of  25-5 
pounds,  or  when 

I  =  10"», 
n  =  10, 
a«  =  372  X  10-«, 

Aw 
w 


j^Lx  =  —  3-1"""  X  -  -• 


Thus,  in  order  to  produce  a  change  of  the  milliontli  part  in  this  tape's 
length,  or  in  order  to  make  JL^  =  O'l""",  we  must  have  Jw  =  wj31. 
Obviously,  no  such  change  as  this  is  likely  to  occur  in  the  length  of  a 
tape. 

(8)  Change  in  length  of  tape  due  to  slope  of  its  supports. — In  the  use  of 
long  tapes  tor  measuring  lines  of  precision  the  supports  for  any  tape 
length  are  placed  in  the  same  straight  line.  It  is  plain  that  if  this  line  is 
inclined,  the  distance  between  the  terminal  marks  of  the  tape  will  be 
greater  than  when  the  line  is  horizontal.  It  is  plain  also  that  the 
elongation  of  a  tape  due  to  ordinary  slopes  can  not  be  very  great,  but 
their  use  in  refined  work  requires  that  we  should  know  the  nature  and 
extent  of  such  elongation. 

The  question  may  be  investigated  in  the  following  manner:  Equa- 
tions (12)  give  the  riectangular  coordinates  of  any  section  of  the  tape. 
The  origin  for  these  coordinates  is  any  point  on  the  curve,  and  is  defined 
by  the  constant  /3.  For  the  present  purpose  let  us  place  the  origin  at 
the  left-hand  support  of  the  section  considered,  and  let  Xi  y,  be  the 
coordinates  of  the  other  end  or  support  of  the  section..   Then  the  span 

of  the  section,  or  its  length  as  used  in  measurement,  is  y/x\  -f  y?. 
But  the  length  of  the  same  section  when  the  supports  are  in  the  same 
horizontal  line  is  given  by  (14)  as 

1^(1  +  Mr)lo--^,an,?  +  .  .  ., 

where  lo  is  the  unstretched  length  of  the  tape  in  the  section.  The 
elongation  we  desire  is  then 

I)er  section  of  the  tape.  To  evaluate  this  quantity  we  have  to  find  /3 
for  the  assumed  position  of  the  origin,  to  substitute  its  value  in  the 
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equations  (12),  and  thus  get  Xi  and  ^i  iu  t«rms  of  ^o^  or  rather  l^  as  we 
shall  here  denote  the  iin8tret<;hed  length  of  tape  in  the  section. 

Since  in  the  first  of  (12)  y  =  y\  for  ««  =  /«,  we  find  by  Maclaiirin's 
series 

I     •  •  •  V 

or  nearly  ononj^h  for  our  purpose 


1 


»--i'-^i  Cd + .1  cd'  ■ 


Again,  since  yi  is  always  small  with  respect  to  a?i,  we  may  use  the 
approximate  expression 

y/.ry,^+~y,'  -  f  =  ar,  +  .^'  -  f. 

Hence,  substitatiug  the  values  of  /?,  opi,  and  yi  as  just  explained, 
there  results  for  the  elongation  j)er  section  of  the  tape  to  terms  of  the 


fourth  Older  inclusive  in  the 


slope  0;), 


Let  n  denote  the  number  of  equal  sections  of  the  taT>e,  L  the  total 
length  of  the  tape,  h  tlie  diflFerence  in  altitude  of  its  ends,  and  JL^  the 
total  elongation  due  to  its  slope.    Then,  since        , 

yi  =  h/n  and  ?„  =  Z/n, 
the  above  expression  gives 

jx.  =  j^^«'//(J9%f,/.(*y.       .  (21) 

For  a  tape  100"'  long  the  value  of  /*  will  rarely  if  ever  equal  6"*.  For 
such  a  value  and  for  the  tapes  Nos.  85  and  SS  when  supported  at  equi- 
distant intervals  of  10'»  we  have,  if  a*  =  372  x  IQ  -\ 

1  /  ^V         1        372  /  5  \2 

m^ «'  ^^'  ( X )  =  1200  ^  10*  X  (100)'  ( 100  )  =  o-oo*"""' 

J'>  (1)*=  I   ^lOOxClfjo)*  =0-«'8- 

Thus  in  this  case  ^L^  =  0-OSli""".     Hence  for  such  a  tape  we  may 
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regard  this  correction  as  insensible  for  slopes  less  than.  5  per  cent  or 
values  of  h  less  than  5»".* 

(9)  Change  in  length  of  tape  due  to  inequality  in  spacing  of  its  sup- 
ports. — In  setting  the  support  nails  for  a  tape  length  it  is  impossible 
to  make  the  intervals  between  them  exactly  equal.  Practically,  there- 
fore, it  is  important  to  know  how  great  the  inequality  may  be  without 
introducing  appreciable  error  in  precise  measurements.  This  question 
is  easily  answered  by  means  of  equation  (14).  Thus,  let  liy  li,  .  .  .  2«  be 
the  lengths  or  spans  of  the  n  sections  of  the  tape  supposed  unequal }  and 
let  h  +  ^hj  lo  +  ^k  -  '  '  h  +  ^h  he  the  corresponding  unstretched 
lengths  of  the  tape  for  the  same  sections.  Th^n,  according  to  (14), 
observing  that  2Jl  =  0, 

2K  =  (1  +  /^r)  nh  -  24  naHJ^  -  J  aX2{^l)\ 

If  the  sections  were  all  of  equal  length  I  we  should  have,  to  the  same 
order  of  approximation,  for  the  whole  length  of  the  tape 

nl  =  (1  +  /^t)  nl,  —  2j  naHa\ 
Calling  the  difference  of  these  two  expressions  JL^,  we  have 

JXs  =  ^  a%:2{Jl}\  '       (22) 

This  gives  the  shortening  of  the  tape  due  to  the  departures  from 
equality  of  the  several  se<'tion8.  To  get  an  idea  of  its  extent, 
suppose  ^li  =  —  zJt2  =  J?3  =  —  ^^4  .  .  .  =  0*1"»  in  the  case  of  the 
100™  tapes  when  supported  at  equidistant  intervals  of  10"  and  when 
a«  =  372  X  10 -\    With  these  data  (22)  gives 

JXs  =   J  X  372  X  10"\  10  X  10  X  10''=  0-40^ 

It  is  seen,  therefore,  that  in  spacing  the  supports  for  such  a  tape, 
equality  to  the  nearest  decimeter,  which  is  easily  attained,  is  amply 
sufficient.  ^ 

*  This  investigiktion  ignores  the  eflect  of  the  change  in  a^  ■=  (w/ry  due  to  the 
slope  of  the  tape.  This  change  is  Ja*  -  =  2a'  (^t/t)  —  a^  WLy,  which  amounts 
to  only  l/400th  part  of  a^  iu  tha  case  cited. 
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III.  THE  NEW  SECONDARY  BASE-APl?ARATUS  OF  THE  COAST  AND 
GEODETIC  SURVEY  AS  USED  IN  THE  MEASUREMENT  OF  THE 
HOLTON  BASE,  INDIANA. 


A  report  by  O.  H.  Tittmanx,  Assistant. 

Sabiuitted  for  publication  November  30,  1891,  and  corrected  for  adopted  Tila« 

of  five-metre  standard  in  February ^  1894. 


Tlie  duty  of  m(^iisariug  the  Holton  Base  with  the  new  secondary 
apparatus,  (five-metre  contact  slide  rods  13  and  14)  was  assigned  tome 
by  a  letter  of  instructions  Arom  the  Superintendent  of  March  28, 1891. 

As  soon  as  circumstances  permitted  1  reported  to  Assistant  A.  T. 
Mosuian,  in  camp  at  Holton.  He  had  made  all  the  necessary  prepara- 
tion  of  selecting,  clearing,  and  marking  the  line  and  had  organized  the 
force  of  men.  As  soon  therefore  as  the  instmmeuts  arrived  the  meas- 
uring operations  were  begun  by  me  on  July  28.  The  men  had  not  been 
previously  drilled  in  their  duties,  but  gained  the  requisite  skill  and 
rapidity  of  manipulation  as  the  measurement  progressed. 

The  base,  including  two  extra  measurements  of  the  standard  kilo- 
metre, was  measured  twice  between  July  28  and  August  13. 

As  saon  as  the  measurement  had  been  finished,  the  lengths  of  the 
rods  were  determined  on  the  Standard  100-metre  Comparator,  the 
length  of  which  had  been  found  by  Prof.  R.  S.  Woodward,  Assistant 
Coast  and  Geodetic  Survey,  and  the  relation  of  the  thermometer  indi- 
cations to  the  actual  temj^eratures  of  the  bars  was  investigated. 

This  report  will  therefore  first  treat  of  the  results  of  this  investiga- 
tion and  its  bearing  on  the  length  of  the  base,  after  which  the  details 
of  the  measurements. of  the  base  line  and  of  the  apparatus,  will  be 
described. 

COEFFICIENT  OF  EXPANSION  OF  THE  MEASURINa  BODS. 

As  will  be  seen  by  reference  to  the  latter  part  of  this  report,  this  was 
determined  at  the  oflice  in  May,  1891,*between  0**  and  37°  centigrade. 

The  temperature  range  was  ample  for  a  mean  value,  but  the  inter- 
mediate points  were  not  sufficiently  numerous  to  deduce  the  value  of 
the  expansion  depending  on  the  second  power  of  the  temperature. 

The  results  are: 

For  rod  14  the  expansion  =  58-609  per  degree  C. 

±•131 
For  rod  13  the  expansion  =  58-861  per  degree  0. 

±  -127 
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skiving  as  the  mean  expansion  for  the  two  rods 

68'7    x>^r  degree  0. 
±  09 

LENGTH  OF  THE  RODS. 

The  lengths  of  the  rods  depend  upon  the  five-metre  steel  bar  No.  17 
vehose  length  was  determined  at  this  office  by  Assistant  Woodward, 
by  comparing  it  with  National  Prototype  Metre  No.  21.  In  these  com- 
parisons the  Prototype  as  well  as  No.  17  was  kept  in  melting  ice. 

The  resulting  length  of  No.  17  was  found  to  be  at 

^' 
0°  0.  =  5"^  -  18-0 

±    0-8 

No.  17  is  a  line  measure^  while  rods  13  and  14  are  end  measures. 
Before  taking  the  latter  into  the  field  they  were  compared  on  three 
days  with  No.  17.  The  latter  was  kept  in  melting  ice  while  Nos.  13 
and  14  were  at,  or  very  near,  the  temperature  of  the  comparing  vault, 
about  22^-2  C. 

The  comparisons  were  made  under  microscopes,  the  pointings  on  the 
rods  being  made  on  the  agate  knife  edge  on  the  one  hand,  and.  on  the 
other  by  jjointing  on  the  space  between  the  direct  and  reflected  images 
of  a  spider  thread  stretched  iicross  the  plane  end  surface  of  the  rod. 

These  comparisons  gave 

Rod  13  =  5"»  4-  1278  ±  4-0 

at  220-2  0. 
Eod  14  =  o*"  +  1297  i  3-0 

It  was  subsequently  found  in  the  field  that  the  knife  edges  and 
ikbutting  surfaces  were  not  in  perfect  contact  while  the  bars  were  used 
for  measurement,  owing  to  the  circumstance  that  the  contact  surfaces 
^ure  not  at  right  angles  to  the  longitudinal  axes  of  the  bars.  The  effect 
of  this  mechanical  defect  was  measured  at  Holton  with  considerable 
precision  by  means  of  a  microscope  mounted  oyer  the  ends  of  the  rods 
when  in  contact. 

The  amount  of  this  correction  30  **  when  added  to  the  above  values 
gives  for  the  combined  length  of  the  bars  at 

22°-2  C  10'"  +  2605 

±5 


492 


U.  ft.  COAST  AND  GEODETIC  SURVEY. 


A  few  days  after  the  uieasiirement  of  the  base  had  been  finished,  tbe 
standard  lOOmetre  comparator  was  measured  with  this  apparatus  in 
order  to  deduce  the  combined  length  of  the  rods. 

The  measurements  used  for  determining  the  lengths  are  given  iD  foil: 


Dat< 

Hour. 

Corr.  temp. 

At  aa®*2  re- 
sulting: length 
of  30  bars. 

0 

m.        mm. 

Aug. 

17 

lI:oo  a. 

m. 

24-47 

100 -f  26-18 

17 

4:36  p. 

m. 

27-76 

2597 

18 

8:17  a. 

m. 

23-32 

25-97 

• 

18 

18 

9:24  a. 
5:00  p. 

m.         2374 
m.         28-52 

Mean  at  22°-2  - 

25-95 
26-23 

-  106 -|- 26-06 

hence 

//. 

at  22°-2  rod  13  +  14  =  10°»  +  2606 

±  4 

In  view  of  this  agreement  with  the  office  value,  and  owing  to  the 
relatively  constant  temperature  night  and  day  owing  to  cloudiness  and 
rain,  the  results  obtained  on  August  17  and  18  were  considered  suffl 
ciently  accurate,  and  further  observations  were  discontinued  until  a 
change  in  the  weather  occurred  on  August  22;  thereafter  the  daily 
temperature  range  of  the  air  was  much  increased.  Observations  made 
on  Aug.  22  and  the  two  following  days  disclosed  a  difference  between 
the  observed  and  true  temperatures  of  the  bars,  and  in  order  to  deter- 
mine its  amount,  a  systematic  series  of  comparisons  at  intervals  of 
about  two  hours  was  carried  out  on  August  26. 

Abstract  of  results. 


Length  of 

Computed  lag 
of  ther- 

Date. 

Hour. 

Obs.  temp. 

ao  bars  reduced 

0 

to  aa'a*. 

mometers. 

0 

m.        mm. 

0 

Aug.     26 

7:33  a.  m. 

I2-l6 

1004-26-25 

+0-16 

26 

9.-20 

14-19 

26*29 

4-  -20 

26 

11:29 

16-85 

2645 

-f  '33 

26 

1:28  p.  m. 

18-73 

2645 

+  -33 

26 

3:26 

2032 

2657 

4-  -43 

26 

5:29 

21-48 

2638 

-f-    27 

26 

8.-17 

♦20-43 

25-72 

—    29 

*  Falling  temperature. 


The  lag,  or  the  correction  to  the  observed  temperature,  is  computed 
from  the  known  length  of  the  combined  bars  as  determined  August  17 
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)f€aguremen*t  of  Holton  Bme  with  the  New  Secondary  Bdse  Apparatus. 

id  18,  the  knowu  coefficient  of  expansion  and  the  lengths  as  deter- 

ined  August  26. 

It  will  be  seen  that  daring  August  26  the  thermometers  indicated 

•o  low  a  temperature  throughout  the  day  while  the  temperature  was 

sing,  amounting  on  the  average  to  0''-29,  say  0^*30  centigrade,  and 

lat  as  soon  as  the  temperature  fell  the  conditions  were  reversed,  the 

ds  following  the  temperature  of  the  air  faster  than  the  thermometers 

hich  again  lagged  0°'3  behind. 

The  result  graphically  delineated  on  the  accompanying  diagram 

[lustration  No.  M)  shows  that  the  maximum  lag  corresponded  to  (it 

*obably  followed)  the  hour  of  maximum  beat  of  the  day  and  to  the 

reatest  difference  between  the  air  and  bar  temperatures. 

The  curves  also  exhibit  the  range  of  temperature  to  which  the  bars 

ere  subjected  during  the  twenty-four  hours  following  the  first  obser- 

ition. 

Inasmuch  as  the  measurements  on  which  these  results  depend  were 

ade  in  the  shade,  that  is,  in  the  comparing  sYied,  the  question  naturally 

-esented  itself  what  the  relation  between  the  indicated  and  true  tem- 

(ratures  of  the  rods  might  be  with  the  apparatus  exposed  to  the  sun. 

It  was  therefore  decided  to  measure  a  section  of  the  standard  kilo- 

etre  in  the  bright  sunshine  under  circumstances  wliicb  should  be 

jry  similar  to  those  under  which  the  whole  base  was  measured. 

An  additional  stone  was  therefon^  planted  100  metres  south  of  the 

>rth  end  of  the  standard  kilometre  and  the  distance  was  measured  bv 

rof.  Woodwai'd  during  his  measures  of  the  kilometre. 

On  September  21  this  distance  was  accordingly  measured  with  the 

condary  apparatus  5  times,  and  on  the  following  day  8  times,  using 

le  trestles  and  measuring  exactly  as  in  the  base  measurement,  with 

le  exception  that  the  beginning  and  end  of  each  100  metre  measure 

as  referred  to  the  section  stones  by  means  of  microscopes  and  the  cut- 

f  apparatus. 

The  results  of  these  measurements  may  be  discussed  on  two  sup^o- 

tions: 

1.  By  giving  equal  weight  to  the  four  measures  of  the  100™  distance, 
ade  by  Prof.  Woodward,  on  this  supposition,  the  distance  =  100'"  — 
04"»"™. 

2.  By  giving  double  weight  to  the  3d  and  4th  measures  and  this, 
)cause  the  1st  and  2d  measures  were  made  on  the  same  day  and  not 
ng  after  the  100  metre  stone  had  been  set,  while  the  3d  and  4th 
easures  were  made  on  different  days  and  after  the  ground  had  dried. 
According  to  this  supposition  the  distance  is  100™  —  6'99™"». 
Computing  on  supposition  1  the  results  of  these  measurements  are 
I  below  given  in  detail  and  show  an  astonishingly  high  degree  of  pre- 
sion.  They  disclose  the  fact  that  the  lag  was  rendered  practically 
(Sensible  by  the  bright  sunshine,  amounting  to  O'^-O?. 
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The  first  table  shows  the  length  of  the  bars  deduced  from  the 
observed  temperatures  and  the  distance  as  measured  with  the  iced  bar 
by  Prof.  Woodward,  namely,  100»— 6-04°™. 

The  second  table  shows  the  distance  as  computed  from  the  observed 
temperatures  and  the  adopted  length  of  the  bars  derived  August  17 
and  18. 

As  the  object  of  this  measurement  was  to  show  the  thermal  liehavior 
of  the  apparatus  when  subjected  to  conditions  similar  to  those  which 
prevailed  during  the  measurement  of  the  base,  and  since  the  whole 
base  was  measured  during  rising  temperatures,  •and  nearly  all  of  it 
during  bright  sunshine,  the  single  measure  made  with  falling  temper- 
atures, September  21,  5  p.  m.,  may  be  thrown  out  of  the  second  table. 
The  effect  of  throwing  it  out  is  to  increase  slightly  the  indicated  lag 
of  the  thermometers,  but  to  decrease  the  probable  error  of  measure- 
ment, which  then  becomes  only  1-1470000  for  a  single  measure  of  the 
100-metre  distance. 

Computing  on  supposition  2,  based  on  the  following  iced  bar  meas- 
ures, namely —  « 

m.  IVeigkt, 

Sept.  15  icx)  —  6*24  I 

<*                                                            15               617  I 

26              583  2 

30              596  2 

Weighted  mean       100  -^  5*99 

it  appears  that  the  error  of  the  result  of  the  measurement  with  the 
secondary  apparatus  amounts  to  — 0'14™*",  in  100"*,  or  -rrh^^  ^^^^^ 
distance. 

Table  I. 


Date. 


Sept.    21 


Sept.    22 


] 

Hour. 

Obs.  temp. 

h. 

m. 

0 

9 

57  a.m. 

23-3* 

II 

28 

26*91 

2 

40  p.m. 

3289 

3 

53 

3429 

[5 

00 

3426 

8 

05  a.  m. 

20-41 

9 

07 

2277 

10 

06 

2504 

II 

00 

2675 

I 

32  p.m. 

3083 

2 

Z3 

3213 

3 

29 

3289 

4 

24 

3315 

Leng^  of 
90  bva  at  99'^. 


True  minus 
indicated  temp, 


Sept.  21  y  mean 
Sept.  22,  mean 


m. 
100 -f- 26-26 
2621 
26*19 
26*10 
*25-58 
26*21 
26- 16 
26*30 
2602 
26*23 
26' II 
25*97 
25*99 


26*  1 9 
26*12 


Weighted  mean  1004-2614 


+0*17 
-f  -13 


4- 
+ 


•11 

■03 

•41] 

13 
•09 

■20 

•03 
•14 
•02 

•08 
•06 


4-  •" 

-f     05 


-f    07 


*  Falling  temperattirc 
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Measurement  ofHolton  Base  tcith  the  New  Secondary  Base  Apparatus. 

Table  II. 

The  distance  between  stones  a«  measared  with  the  secondary  appa- 
ratus, rods  13+14  =  10™  +  2606'*  at  22*2'  C.  corresponding  to  the 
dates  and  times  given  in  Table  I,  becomes — 


m. 

mm. 

V. 

tfi. 

lOO 

—  6-24 

oil 

0121 

6*19 

•06 

•0036 

6-17 

•04 

•cx)i6 

m 

6o8 

[5-56] 
619 

•05 
•06 

•0025 
•0036 

6-14 

•01 

•0001 

628 
608 
6*21 

•15 

'0225 
•0025 
0064 

6-09 

•04 

■0016 

5'95 
597 

•18 
•16 

•0324 
•0256 

m. 

Mean 

lOO 

-  613 
-t  018 

•I  145 

and  for  a  single  measure  the  p.  e.  =  0-()68»'™,  or  1-1470000  of  the  dis- 
tance. 

As  before  stated,  the  distance  found  by  Prof.  Woodward  is 
100«  —  6-04™™  on  supposition  1  aud  100™  —  6'99'«™  on  supposition  2. 

MEASUREMENT   OP  THE  STANDARD  KILOMETRE. 

The  standard  kilometre,  which  is  a  part  of  the  base  line,  was  meas- 
ured four  times  during  the  progress  of  the  base  measurement  prox)er. 

During  these  four  measures  the  ground  in  the  woods,  that  is  over 
about  600  metres  of  the  distance,  was  very  wet  and  springy  and  unfavor- 
able for  the  stability  of  the  trestles,  which  were  set  directly  into  the 
soft  ground. 

After  the  ground  had  dried  it  was  measured  twice  on  September  24 
and  25.  These  six  measures  were  made  under  about  the  same  temper- 
ature conditions  as  those  prevailing  during  the  base  measures  except 
that  the  line  over  one-half  of  the  kilometre  passes  through  woods. 
This  becomes  important  in  view  of  the  results  of  the  measures  made  in 
the  sunshine,  since  the  shade  would  tend  to  create  lag  in  the  thermom- 
eters, for  it  has  been  shown  that  the  average  correction  to  the  ther- 
mometers for  lag,  if  the  bars  are  shaded,  amounts  to  about  0°'3  when 
the  temperature  of  the  air  is  rapidly  rising. 

It  is  therefore  to  be  expected  that  the  measures  of  the  kilometre 
will  not  show  as  high  a  degree  of  accuracy  as  those  made  in  the  sun- 
shine, owing  chiefly  to  the  uncorrected  thermal  efiect  of  th^  shade, 
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The  rebulU  of  the  6  ineasure^j  of  the  standard  kilometre  are: 

Temp.     Resulting  length. 
Aug. 


Sept. 


o 

m. 

mm. 

23-86 

1000 

-  0-6 

26-75 

—  5'2 

2452 

—  9-2 

2537 

-S-5 

24-01 

—  3'9 

2618 

-5-2 

Mean, 

rooo 

49 

±  76 

and  the  probable  error  of  a  single  measure  =  ±1*86  or  1-538000. 

The  measures  made  on  the  lOOmetre  comparator  and  ou  the  100 
metres  measured  on  the  standard  kilometre  show  that  the  laf  or  the 
correction  to  the  thermometers  becomes  minus  with  fialling  tempera 
tures,  and  that  its  amount  approximate^s  closely  to  0°*3. 

Five  determinations  made  in  the  early  part  of  the  evening  give  a 
mean  of  0°*44,  but  the  average  during  a  period  of  say  8  hours  at  night 
would  probably  be  less,  to  judge  from  the  curves  on  the  morning  of 
August  26,  as  shown  on  the  diagram. 

To  substantiate  the  conclusion  that  with  falling  temperatures  the 
rods  would  be  shorter  than  the  length  indicated  by  the  thermonaeters, 
it  became  desirable  to  measure  the  standard  kilometre  under  such  con- 
ditions. As,  however,  during  the  time  a^loted  to  the  work,  falling 
temperatures,  during  say  8  consecutive  hours,  could  not  be  had  witii- 
out  measuring  at  night,  and  as  it  was  not  deemed  desirable  to  compli 
cate  the  question  of  precision  by  night  measures,  an  artifice  was 
resorted  to. 

The  bars  were  exfjosed  during  the  morning  to  bright  sunshine  until 
about  noon.  They  were  then  carried  into  the,  woods  to  the  middle  of 
the  kilometre  and  allowed  to  remain  there  in  the  shade  for  two  hours, 
after  which  the  measurement  o^  the  half  kilometre  was  commenced.  By 
the  time  the  measurement  extended  outside  of  the  woods  the  tempera- 
ture was  falling  rapidly  and  the  sun's  rays  were  feeble,  it  being  near 
sundown. 

In  this  way  one-half  of  the  kilometre  was  measured  in  three  hours 
on  October  5,  and  the  other  half  on  October  6,  giving  as  the  result: 
Standard  kilometre  =  1 000°* -f2-0'"'«.  Since  the  true  length  found  by 
Prof.  Woodward  is  l,00()"»-'3*4'"'"  the  measurement  is  in  error  5-4"% 
and  if  we  ascribe  the  total  error  to  the  thermometer  indications  the  lag 
amounted  to  —  0''*47. 

LENGTH  OF  THE  BASE. 

The  computed  length  of  the  base  without  applying  any  correction  for 
lag  of  the  thermometers  is  5500-808°'  ±  3-2»'"'  where  the  f,  e.  includes 
that  of  the  unit  employed. 
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Measurement  of  Holtou  Base  with  the  New  Secondary  Base  Apparatus. 

The  whole  base  was  measured  daring  rising  temperatures  and  much 
the  greater  part  during  bright  supshine. 

All  the  experiments  show  that  under  such  conditions  the  bars  are 
never  shorter  than  the  indicated  temperatures  imply,  and  that  there- 
fore the  result,  if  it  is  in  error  on  account  of  thermometer  lag,  is  too 
small. 

The  experiments  on  the  100°>  measured  in  the  bright  sunshine,  Sep- 
temb^  21  and  22,  show  that  the  lag  on  supposition  1,  explained  in  pages 
7  and  8,  amounts  to  about  1  part  in  one  million,  and  on  supposition  2 
to  Tchrsj  ^^^  i^  18  thereti^re  a  fair  inference  that  its  effect  on  the  whole 
base  is  of  that  order  of  magnitude,  and  that  it  should  be  applied  to  the 
uncorrected  length  of  the  base.  Using  the  value  0'14*"°>  per  lOO^"  the 
measured  length  should  be  increased  by  65  x  0-14  =  7-7"". 

In  order  not  to  claim  too  high  a  precision  for  the  length  above  given 
it  seems  safe  to  assert  that  its  absolute  error  does  not  exceed  its 
1-500000  part. 

An  abstract  of  the  results  of  the  measurements  of  the  base  is 
appended: 


Section. 


S  B  to  240 
240  420 
420  600 
600  780 
780        980 


980       NB 


No.  of 
bars. 

Conr. 
temp. 

0 

240 

2627 

180 

2680 
2688 

180 

2562 

2749 

180 

22' 1 8 

2799 

200 

2386 
2675 
2452 

2537 
24*01 

2618 

120 

21-57 

3>'23 

Resulting  Ieng;th. 


0f.         MPiifi. 

I  2004-    22-8 

21-2 


First  measure. 
Second  measure, 

Length  of  base, 


900- 


368 
329 


900 -f  62.6 
623 

900-1-  17-4 
201 


I  000 — 


0-6 

5-2 
9-2 

5-5 
3*9 
5*9 


600+743.7 
744-6 

5  500+805 
810 


I— a</. 

t^ihd. 

1-6 

'•53 

3*9 

1-30 

03 

-h  -lo 

2*7 

•90 

* 

•76 

0-9 

•30 

*«=a. 


•281 


1-690 


-010 


-810 


•578 


•090 


5  Soo-f-808   +7-7™™  =  5,500.816™. 
-t     1-9 


The  probable  error  of  measurement  without  regard  to  constant  errors 
is  ±  1'9"". 

S.  Ex.  37—32 
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The  probable  error  in  the  length  of  a  100-metre  unit  from  compari- 
sons with  the  100-metre  standard  is  it  0*04. 

The  probable  error  of  the  6-metre  iced  bar  at  0^  0  =  ±  O-OOOS. 

The  probable  en-or  of  measuring  the  100-metre  standard  (August 
measorements)  from  Prof.  B.  S.  Woodward's  determinations= J:(H)18. 
hence  the  jp.  e.  of  the  base  arising  from  these  values  is 


56  \^(OH[U8)*+(OMOri6)»+{0-04)»==2-67 
and  the  p.  e.  of  the  base  is 

The  reduction  to  sea  level  and  the  p.  e.  of  the  leveling  (mean  altitade 
of  base  line)  remain  to  be  incorporated. 

GENEKAL  CONCLUSIONS  IN  BEOABD  TO  THE  USE  OF  THIS  APPABATTS. 

1.  The  average  speed  of  measurements,  including  the  time  requisite 
for  training  the  operators,  may  be  taken  at  1  kilometre  per  day  of 
eight  hours,  on  level  ground,  or  on  a  uniform  grade.  With  trained  men 
the  speed  can  be  increased  to  1*6  kilometres  per  day  without  detrimeDt 
to  accuracy. 

2.  If  the  temperature  of  the  bars  were  known,  the  accuracy  of  meas- 
urement would  leave  nothing  to  be  desired.  The  probable  error  of  a 
single  measurement  would  then  be  about  one  part  in  a  million. 

3.  As  usual  the  principal  source  of  error  is  in  the  uncertainty  between 
the  indicated  and  true  temperature  of  the  bars. 

This  relation  depends  on  the  range  of  the  diurnal  temx>eratnre  to 
which  the  bars  have  been  exposed,  and  its  value  must  be  subject  to 
some  uncertainty.  It  appears,  however,  that  it  is  possible  to  assign 
the  limits  of  error  due  to  lag  of  the  thermometers. 

The  absolute  lag  of  the  thermometers  can  safely  be  taken  to  he 
between  0  and  ±  0^*5  C.  on  the  average  in  a  day's  measurement. 

Hence,  if  an  error  of  one  part  in  340  000  shall  not  be  exceeded,  a 
single  measurement  with  this  apparatus  will  secure  that  degree  of  accu- 
racy if  the  following  rules  be  observed: 

1.  If  the  temperature  is  rising,  apply  a  correction  for  lag  of  +  O^-So 
to  the  mean  temperature  of  the  thermometers  for  the  day,  and  a  cor- 
rection of  -  0°-26  if  it  is  falling. 

2.  If  one-half  of  the  day's  measures  are  made  during  rising  and  the 
other  half  during  falling  temperatures,  the  mean  may  be  taken  without 
correction. 

3.  If  the  measurement  is  made  during  hot  weather  and  in  the  bright 
sunshine  with  rising  temperatures,  no  correction  need  be  made. 

It  may  also  be  pointed  out  that  where  it  is  possible  the  bars,  if  day 
measurement  only  is  intended,  should  be  protected  as  moch  as  pos- 
sible against  change  of  temperature  at  night. 
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MEASUREMENT  OF  HOLTON  BASE,  RIPLEY  COUNTY,  IND, 

For  description  of  base  monaments  and  locality  see  Assistant  A.  T. 
Mosman's  report,  pp.  330,  331. 

The  5-metre  contact  slide  rods  Nos.  13  and  14  were  nsed  in  this 
measurement. 

This  apparatus  is  of  the  usual  pattern.  It  was  made  at  the  Coast 
and  Geodetic  Survey  Office  and  was  completed  in  July,  1891. 

The  measuring  rods  are  of  cylindrical  steel,  5  metres  long  and  O*"™ 
in  diameter,  with  the  usual  contact  slides.  The  slide  end  of  each  rod 
carries  a  white  agate  knife  edge  3°^  wide,  the  other  a  circular  plane 
snrface  about  3™™  in  diameter.  The  index  and  slide  piece  of  each  rod 
have  each  three  lines  ruled  on  them.  When  the  middle  lines  on  the 
slide  and  index  are  in  coincidence,  the  distance  between  the  agate  plane 
at  one  end  and  the  knife  edge  at  the  other  is  the  length  of  the  rod. 

Each  steel  rod  is  encased  in  a  built  up  wooden  bar  and  rests  directly 
in  a  longitudinal  groove  in  its  middle.  The  bars  are  7*5^™  wide,  14<^'° 
high,  and  4*9  metres  long,  so  that  a  length  of  about  10<^^  of  each  rod  is 
exi)osed  to  the  air. 

Each  rod  carries  two  thermometers.  They  are  inserted  in  opposite 
sides  of  the  bar  and  are  in  contact  with  the  rod  and  not  with  the  wood. 
Each  one  is  1  metre  from  the  end  of  the  bar. 

The  wooden  bar  in  turn  is  surrounded  with  a  white  canvas  cover 
Lined  with  half  an  inch  of  cotton. 

THE  TBESTLES. 

They  are  of  the  usual  wedge  and  tripod  pattern  and  are  the  same  as 
those  used  in  the  Yolo  base.  Throughout  all  the  measurements,  except 
those  on  the  comparator,  the  trestles  were  used  without  foot  plates,  the 
legs  being  merely  firmly  stuck  into  the  ground. 

THE  SEOTOBS. 

The  sectors  are  segments  of  arcs  of  circles.  Each  carries  two  (2) 
verniers  180°  apart  and  is  so  graduated  that  the  position  in  which  the 
bar  is  horizontal  reads  nearly  20"*  on  the  front  vernier.  The  verniers 
read  to  10^'.  Before  beginning  work  the  contact  ends  of  each  bar 
were  put  in  a  horizontal  plane  by  means  of  a  leveling  instrument,  theo- 
dolite, or  engineer's  transit. 

In  general  the  sector  errors  were  determined  three  times  a  day. 

Each  sector  was  protected  against  the  sun  by  a  hood  made  of  canvas 
stretched  on  a  wire  frame  attached  to  the  bar. 

During  all  the  nieasures  the  two  verniers  of  each  sector  were  read  by 
different  persons. 
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THEBMOMETEBS. 


The  thermometers  attached  to  the  rods  are  centigrade  divided  to 
half  degrees,  and  were  read  by  means  of  a  magnifying  hand  lens  to 
tenths. 

They  were  made  by  H.  J.  Green,  of  New  York,  and  were  compared  at 
the  office  in  June,  1891,  with  Tonnelot  thermometers  4655  and  4^6. 

Bar  13  carries  thermometers  1  and  2. 
14  carries  thermometers  3  and  4. 

Galling  that  end  of  the  bar  on  which  the  aligning  telescope  is 
mounted  the  front  end: 

Thermometer  1  is  on  same  side  as  the  sector,  rear  end. 

2  is  on  opx)osite  side  of  the  sector,  firont  end. 

3  is  on  same  side  as  the  sector,  rear  end. 

4  is  on  opposite  side  of  the  sector,  front  end. 

The  maker's  numbers  corresponding  to  those  given  are — 

No.  1,  5609. 

2,  6604. 

3,  5606. 

4,  5616. 

On  August  28  Green  5613  was  substituted  for  5616  (So.  4),  the  latter 
having  been  broken  on  that  date  after  its  zero  point  had  been  deter- 
mined. 

The  corrections  of  these  thermometers  to  reduce  them  to  the  hydro- 
gen scale  were  determined  in  June,  1891,  to  be  as  follows: 


At 

No.  I, 

5609. 

• 

No.  a, 
5604. 

No.  3, 

5606. 

No.  4, 
5616. 

• 
Mesn. 

5613 

o 

0 

0 

0 

0 

0 

0 

O 

~OIO 

4-005 

— 0-15 

— O'lO 

— O-OS 

0*08 

3 

-    16 

—    24 

—  -25 

—  23 

—  -22 

—  • 

25 

6 

—  -11 

—     19 

—    31 

—  19 

—  '20 

—  ■ 

«9 

II 

—    13 

—     18 

~  -33 

—   '21 

—  -21 

_.. 

18 

i6 

—    17 

-     17 

—  -34 

-  -17 

—   -21 

— 

19 

21 

—  -26 

—   -21 

—  -23 

—   -21 

__    23 

'21 

25 

•16 

1    —     16 

-•36 

—   '26 

—  -24 

26 

32 

—   -21 

—   -21 

-•36 

—   -26 

—   -26 

— 

28 

34 

—   -22 

—   -22 

—  -32 

—   -22 

—     25 

12 

37 

— -   '26 

•28 

—    28 

-     28 

—     28 

•28 

On  August  28  the  zero  corrections  to  these  thermometers  were  lede* 
termined.    See  Yol.  n  of  the  record,  with  the  following  results: 


At 

No.  X. 

No.  a. 

No.  3. 

No.  4. 

Mean. 

0 
0 

0 
— 0'22 

0 

— o-i6 

0 
--0-27 

0 
— 0"22 

0 
— 0-22 
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Measurement  ofSolUm  Base  with  the  New  Secondary  Biue  Apparatus. 

ALIGNMENT. 

The  bars  were  aliped  daring  the  measurement  by  bringing  the  rear 
end  of  the  rod  over  the  starting  point  or  into  contact  with  the  forward 
agate  of  the  rear  bar  and  keeping  it  there  while  the  forward  end  of  the 
bar  wafi  aligned  by  pointing  a  small  telescope  on  a  signal  usually 
mounted  on  the  next  section  stone  ahead. 

A  small  aligning  telescox>e  is  mounted  on  each  bar  25  centimetres 
firom  the  front  end.  The  base  of  the  uprights  carrying  the  telescope 
has  a  sliding  motion  on  an  arc  of  a  circle  concentric  with  the  measuring 
rod.  It  carries  a  levels  by  means  of  which  it  can  be  clamped  in  a  hori- 
zontal position  in  a  vertical  plane  passing  longitudinally  through  the 
rod. 

In  order  that  the  telescope  may  transit  in  this  plane  the  adjusting 
screws  of  the  base  must  be  properly  set. 

The  adjustment  was  not  made  with  satisfactory  accuracy  during  the 
first  measurement  of  the  distance  between  south  base  and  the  fourth 
kilometre  stone.  On  reaching  this  stone  a  second  and  more  perfect 
adjustment  was  made. 

Subsequently  the  deviations  from  a  straight  line  during  this  frac- 
tional part  of  the  first  measure  were  traced  on*  the  ground,  and  it  was 
found  that  the  error  due  to  the  deviation  of  the  measured  line  from  the 
base  line  amounted  to  not  more  than  1  part  in  15000000,  which  can 
therefore  be  neglected. 

Experiments  were  made  to  determine  the  probable  error  of  alignment 
of  a  single  bar  with  the  telescope  adjusted  as  in  the  remainder  of  the 
measures  and  it  was  found  to  be  38^'. 

aROUNB  TRAVERSED. 

The  greater  part  of  the  measurement  was  over  grassy  soil.  Several 
plowed  fields  were  crossed. 

The  surface  of  the  ground  near  south  base  is  broken,  and  between 
the  3  000  and  3  900  metre  stone  it  is  also  very  irregular.  The  first  four 
measures  of  the  Standard  Ejlometre  were  made  when  the  soil  was  wet 
and  springy,  but  during  the  measures  made  on  September  24  and  Sep- 
tember 25  it  was  dry  and  hard. 

A  distance  of  200  metres  at  each  end  of  the  Standard  Eilometre  is  in 
the  opea  fields;  the  remainder  is  in  the  woods. 

DUTIES  PERFORMED  BT  MEMBERS  OF  THE  PARTY. 

Prior  to  September  21,  during  the  measurements,  the  bars  were 
aligned  by  Prof.  Gore,  who  also  read  the  forward  thermometer;  the 
rear  thermometer  was  read  by  Mr.  Pennington;  one  vernier  of  each 
sector  was  read  by  Mr.  Gjertsen,  the  other  by  Mr.  Hay  ford,  who  also 
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MEASURE  OF  THE  IRREGULARITY  IN  ONE  TURN  OF  THE  MICROMETER 
SCREW,  AND  THE  RELATIVE  VALUE  OF  EACH  TURN. 


A  report  by  Qeoboe  Davidson,  AssiBtant. 
Submitted  for  publication  April  3,  1893. 


In  1876  I  gave  an  explanation  of  the  canse,  or  the  principal  canse,  of 
the  well-known  irregularity  observed  in  one  turn  of  the  micrometer 
screws  of  the  zenith  telescopes.  Many  years  before  I  had  reported  the 
existence  of  excessive  irregularity  in  the  micrometer  screw  of  an  Eng- 
lish instrument,  but  it  was  explained  to  arise  from  the  maimer  in  which 
the  screw  was  cut  by  the  instrument  maker. 

Nevertheless,  the  method  of  determining  the  arc  value  of  the  microm- 
eter screw  by  observations  upon  a  close  circumpolar  star,  although 
imx)erfect  on  account  of  the  unsteadiness  of  the  image  of  the  star,  the 
fewness  of  the  observations  possible  in  one  turn,  etc.,  develoi)ed  a  peri- 
odicity in  the  irregularity  that  suggested  a  cause  independent  of  the 
mere  method  of  cutting  the  screw. 

In  my  paper  on  this  mechanical  defect  of  the  micrometer  (1876),  two 
methodsof  procp^ure  were  suggested  to  determine  the  character  and 
amount  of  the  irregularity  at  frequent  intervals  in  one  turn.  It  has 
happened  that  neither  could  be  put  in  practice  until  lately. 

Within  the  last  year  two  close  circumpolar  stars  have  been  observed 
as  often  as  ten  times  in  each  turn  of  the  micrometer  screw  for  ten  con- 
secutive turns  and  five  times  in  each  turn  for  twenty  other  turns.  I 
have  not  reduced  the  observations,  but  am  satisfied  from  the  unsteadi- 
ness of  the  object  and  the  comparatively  low  power  used  ( LOO  diameters) 
that  the  results  wiU  be  much  inferior  to  those  of  the  second  method. 

This  second  method  was  partly  developed,  during  the  observations 
for  variation  of  latitude  at  San  Francisco  in  1891  and  1892,  in  discus- 
sions with  T.  D.  Davidson.  It  resulted  in  projecting  the  image  of  the 
micrometer  thread  by  means  of  the  objective  of  a  microscope,  upon  a 
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graduated  scale,  and  measariag  with  the  micrometer  each  division  of 
the  scale. 

The  micrometer  box  was  secured  to  the  stage  of  a  microscope  that  was 
turned  horizontally  with  the  eye  end  towards  the  scale,  which  was 
about  2  feet  distant.  The  illumination  was  by  a  strong  light  behind 
the  thread,  but  was  not  satisfactory.  From  the  microscope  tube  to  the 
scale  a  dark  doth  was  used  to  exclude  diffused  light.  One  observer 
was  at  the  scale  and  the  second  observer  was  at  the  micrometer.  After 
the  proper  focusing  for  the  best  image  of  the  thread,  and  adjustment 
for  parallelism  of  the  thread  with  the  scale  graduations,  the  observa- 
tions proceeded.  The  results  were  so  encouraging  that,  after  the 
latitude  work  was  done,  fiirther  experiments  were  made,  with  limited 
means,  however.    The  last  observations  were  as  follows :  * 

We  had  no  solid  piers  upon  which  to  place  the  scale  and  the  micro- 
scope, but  the  micrometer,  somewhat  imperfectly  secured  to  the  stage 
of  the  inicroscoi>e,  was  placed  upon  a  library  table  and  the  scale  apon 
a  crossbar  in  a  door.  The  eyepiece  of  the  microscope  was  removed, 
and  the  tube  carrying  a  l^-inch  Gundlach  objective  was  turned  hori- 
zontally towards  a  wall,  uxK>n  which,  at  15  feet  distant,  the  images  of 
the  micrometer  rack  and  thread  were&irly  well  seen  by  using  sunlight 
illumination  through  the  objective. 

T.  D.  Davidson  improvised  a  means  of  holding  the  scale  and  giving 
it  all  required  movements  except  for  distance,  which  was  reduced  at 
the  microscope  to  about  12  feet,  when  the  image  of  the  micromet^ 
thread  passed  over  25  millimetres  of  the  scale  for  one  torn  of  the 
micrometer  screw.    A  pasteboard  tube  11  feet  long  and  5  inches  in 
diameter  was  supported  between  the  microscope  tube  and  the  scale,  and 
the  intervening  spaces  at  each  end  were  covered  with  black  maslin. 
The  illumination  was  by  lamplight.    The  image  of  the  thread  was  weak 
and  at  the  best  did  not  present  a  solid  line,  but  naturally  appeared  as 
two  lines  marking  the  outer  edges  of  the  thread  with  a  lighter  middle 
space.    The  millimetre  scale  had  been  purposely  cut  deeply  by  the 
instrument  maker,  and  the  surface  was  afterwards  ground  by  T.  D.  D. 
The  lines  of  the  scale  were,  therefore,  very  strongly  marked,  but  a  better 
scale  should  be  used.    A  small  magnifier,  which  increased  the  scale 
spaces  about  one  and  a  half  times,  was  conveniently  fixed  by  the  scale 
observer  to  aid  in  adjusting  the  thread  image  to  the  millimetre  scale, 
and  a  hand  magnifier  was  used  by  the  micrometer  observer.    The 
micrometer  head  is  5f  inches  in  circumference,  made  of  black  zylonitey 
and  finely  graduated  to  one  hundred  divisions  in  white.    The  milled 
head  is  the  same  diameter;   both  ought  to  have  larger  diameters. 
After  the  best  focus  of  the  image  of  the  micrometer  thread  had  been 
obtained  and  the  parallelism  of  thread  and  scale  lines  effected,  and 
the  instrument  parts  all  lightly  tapped  to  remove  strains  of  parts,  the 
observations  commenced. 
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With  the  micrometer  thread  at  the  middle  of  the  rack  and  reading 
2  000,  the  millimetre  scale  was  moved  horizontally  until  the  image  of 
the  mi<»rometer  thread  was  between  two  given  graduations.  In  this 
position  the  image  was  just  broad  enough  to  leave  a  very  narrow  line 
of  light  between  the  outer  edges  of  the  image  and  the  inner  edges  of 
the  two  graduation  lines.  The  relative  breadths  of  these  two  lines  of 
*light  enabled  the  scale  observer  to  judge  of  the  central  position  of  the 
thread  image.  The  micrometer  observer  th^i  moved  off  the  image  and 
brought  it  back  to  a  position  tinally  announced  correct  by  the  scale 
observer.  The  micrometer  reading  was  recorded.  The  micrometer 
was  then  turned  forward  to  the  next  scale  space  and  adjusted  as  before 
and  the  reading  recorded.  So  the  work  proceeded  until  25  spaces  were 
observed  and  recorded,  and  then  the  micrometer  was  run  back  to  the 
starting  space  and  the  reading  made  to  note  if  any  change  of  position 
had  occurred.  With  our  unstable  meai^s  the  change  of  position  ranged 
as  high  as  0*7  of  a  division  in  the  first  series;  the  average  difference 
in  the  twenty-foUr  sets  was  0*1  of  a  division.  When  two  sets  had  been 
made  the  observers  changed  places  and  two  more  sets  were  observed. 
The  scale  was  then  reversed  and  inverted  and  four  more  sets  were 
observed  in  a  similar  manner.  Each  series  of  four  sets  occupied  one 
hour  at  the  outset;  afterwards  less  than  fifty  minutes.  The  observa- 
tions were  made  in  the  daytime  or  at  night,  to  suit  our  convenience. 

It  was  evident  from  the  first  set  of  measures  that  the  character  of 
the  screw  was  above  the  average  that  I  had  hitherto  used,  and  after  a 
few  sets  had  been  made  there  was  no  doubt  to  either  observer  about 
obtaining  the  nearest  tenth  of  a  micrometer  division  at  the  scale. 

The  independent  check  of  the  observer  at  the  micrometer  ux>on  the 
coincidences  of  contact  of  scale  and  image  was  an  interesting  check, 
and^  each  amused  himself  at  times  in  trying  the  skill  of  the  scale 
observer.    The  greater  difficulty  was  really  in  reading  the  micrometer. 

It  is  hardly  necessary  to  give  the  observations  in  extenso,  although 
they  have  been  useftd  in  demonstrating  that  the  stability  of  our  outfit 
was  imperfect,  and  that  the  graduation  of  the  scale  and  the  ground 
surface  should  be  better.  The  means  of  each  series  of  four  sets,  and 
the  means  of  the  direct  and  the  reverse  scales,  and  the  final  means  are 
given  to  show  the  possibilities  of  the  method.  The  results  are  certainly 
better  than  could  be  gotten  by  any  amount  of  observations  on  close 
circumpolar  stars,  and  they  are  too  plain  to  require  exhibition  in 
graphic  form.  The  actual  observing  time  of  twenty-tour  sets  of  twenty- 
six  observations  each  was  5  hours  and  22  minutes. 
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(Micrometer  of  Zeolth  Telescope  No.  3.] 


March  19, 1893; 

means  of  4  sets. 

March  «i,  1893 ; 

means  of  4  sets. 

March  9a,  1893 ; 

means  of  4  lets. 

Scale  D. 

Scale  R. 

Scale  D. 

Scale  R. 

Scale  D. 

ScsleR. 

2000*66 

2000*31 

1999-67 

2000*44 

2000-24 

aooo-20 

4-65 

436 

2003-78 

4-46 

436 

4*25 

864 

8-40 

771 

8-46 

8-35 

8*21 

12-65 

12*39 

11-72 

12-40 

12-32 

12*22 

16-59 

16-36 

15*59 

16-35 

16-25 

16-15 

20*61 

2032 

19-59 

20-36 

ao*2o 

20-12 

24-61 

24-36 

2354 

2438 

24-25 

24-14 

'    28-61 

2834 

2748 

28*35 

28-11 

28-10 

3265 

3228 

31*50 

32-30 

32-12 

32-05 

3661 

3630 

3539 

3628 

36*08 

36-05 

40*62 

40-28 

3946 

40*30 

40*11 

40-08 

4464 

4430 

4342 

44-37 

44-16 

44-M 

48-69 

48-31 

4740 

4836 

48-18 

48-09 

52-74 

5237 

51-47  • 

52-36 

52-22 

52-16 

5675 

56-40 

55-51 

5645 

56-20 

56-15 

60-76 

60-40 

5944 

60-41 

60-20 

6025 

64-77 

6439 

63-45 

64*42 

64*20 

6419 

6878 

68-39 

67-42 

68*44 

68-18 

68-10 

7280 

72-36 

71-30 

72-40 

72-05 

72-06 

7678 

76-29 

75*34 

7632 

75-98 

75-99 

8072 

8036 

79-20 

80-34 

79.92 

80-02 

8482 

84-34 

83-26 

84-37 

83-99 

84-02 

8887 

88*44 

87-30 

88*40 

88-00 

88t>8 

9287 

9239 

91-28 

9244 

91-95 

92-10 

96-89 

9645 

95-31 

96-44 

95-98 

9608 

2100-96 

2100-54 

2099-31 

2100-56 

^     2100-04 

2100-15 

20oo*97 

2000-40 

1999-55 
Checks  to  ft 

2O0o*66 
rst  readings. 

2000-35 

2000-22    ; 
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Means  ol 

^  3  aeries. 

Means  of  6 

Difference  from 

aeries,  D.  and  R. 

final  mean. 

Scale  D. 

Scale  R. 

2000-19 

2000-33 

2000*26 

+  06 

4*26 

436 

4-31 

-f*I2 

823 

836 

8-30— 

-f*io 

12-23 

12-34 

12-29 — 

-f-io 

16*14 

16*29 

l6-22  — 

4- -02 

20-13 

20-27 

20-20 

•00 

2413 

24-29 

24-21 

-f-oi 

28-07 

•  28-26 

2817  — 

—  02 

3209 

32-21 

32>5 

—  05 

3603 

36-21 

36- 12 

-08 

4007 

40-22 

4015 

—04 

44-07 

44-27 

44-17 

—•03 

48-09 

4825 

48-17 

—03 

52-14 

52-30 

52-22 

-f -02 

5615 

5633 

56-24 

-f-04 

60-13 

60-35 

60-24 

4--O4 

64-14 

64-33 

64-24— 

-f-04 

68-13 

68-31 

68-22 

+•02 

72-05 

72-27 

72-16 

—  04 

7603 

76-20 

76-12— 

—•07 

79*95 

80-24 

So-io— 

—  09 

84-02 

8424 

84-13 

—•07 

8806 

88-31 

88-19 

— -01 

92*03 

92-31 

92-17 

-03 

96-06 

96-36 

96-21 

-f -oi 

2100-10 

2100-42 

2100-26 

4- -06 

2000-29 

2000-43 

2000-36 

Checks  to  firs 

t  readings. 

Final  mean 

,  2050-20— 

Lnother  application  of  this  method  was  tried  last  year  to  determine 
relative  value  of  each  tarn  of  the  micrometer  screw, 
lie  reading,  of  the  micrometer  was  .noted  when  the  image  of  the 
3ad  was  npon  any  division  of  the  millimetre  scale;  the  micrometer 
I  turned  once  and  the  scale  reading  noted ;  then  the  micrometer  was 
illy  moved  back  by  the  microscope  stage  motion  to  the  first  scale 
icidence,  turned  once,  and  the  scale  reading  noted.  This  method  of 
etition  was  carried  far  enough  to  test  its  practicability.  It  demands 
ner  motion  tathe  microscope  stage  than  I  possessed,  but  there  can 
QO  doubt  of  the  method  giving  satisfactory  results, 
may  add  that  the  discussion  of  the  means  of  getting  a  better  image 
bhe  micrometer  thread  led  T.  D.  Davidson  to  experiment  with  the 
ler  thread.  He  scoured  a  spider  cocoon  in  boiling  water  and 
p,  and  then  boiled  it  in  a  test  tube  for  twenty  minutes  with  black 
iamond  dye''  for  silk,  according  to  directions,  and  produced  a  jet- 
ck  cocoon  without  iiyury  to  the  thread.  The  object  was,  of  course, 
obtain  a  stronger  image  of  the  thread  at  the  scale,  whereby  a  stronger 
l^nifier  would  materially  aid  the  observer.    I  have  compared  the 
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black  thread  with  a  natural  thread  and  in  color  the  former  is  decidedly 
preferable.  In  experimenting  with  this  prepared  thread  for  latitude 
observations  we  have  found  that  it  acquired  very  marked  hygrometrie 
qualities  that  unfit  it  for  latitude  or  transit  observations. 

February  12^  1894. — ^As  this  appendix  is  passing  through  the  press, 
the  Superintendent  has  authorized  the  insertion  of  the  following 
memorandum  by  Assistant  Schott  and  the  graphic  illustratioh  of  the 
average  inequality  of  1  turn  of  the  micrometer  screw  from  3  series 
of  observations  upon  4  close  drcumpolar  stars  near  elongation  at  dif- 
ferent seasons  of  the  year. 

In  the  figure  the  broken  line  exhibits  the  curve  of  the  inequality  of 
1  turn  as  traced  through  the  points  determined  by  the  observatioDS 
through  an  average  of  30  turns.  The  dotted  line  exhibits  the  corre 
computed  from  these  observations.  The  heavy  broken  curve  exhibits 
the  results  by  the  microscope-projection  method  of  24  sets  of  measures 
at  every  4th  division  of  the  20th  turn  of  the  micrometer.* 

The  expression  for  the  periodic  inequality  for  one  tarn  of  the  motion  of  the  screw 
of  zenith  telescope  No.  3,  and  which  may  be  termed  "  Eccentricity  of  the  screv 
head/'  was  derived  from  15  series  of  observations  made  for4he  greater  part  at  inter- 
vals  of  ^  of  a  tnm^t  with  a  few  at  ^  and  ^  turns.  The  transits  range  over  the  whole 
screw  (4  to  36  turns)  and  thus  give  a  fair  average  value.  The  particulars  of  the 
observations  are  shown  in  the  following  table : 


No. 


1899. 


Star. 


B-nir..     •   Klonga-  '^^ijPf*  Value  of  x     «,^j-fc. 


tion. 


turn. 


tarn. 


I 

Feb. 

8 

a  Urs.  Min. 

/         t 
5  —  35 

W. 

V4 

// 
47-668 

61 

2 

Feb. 

9 

Bradley,  1672. 

35-   9/4 

E. 

V4 

•557 

50 

3 

Feb. 

9 

«  Urs.  Min. 

5  —  35 

W. 

'/s 

•633 

76 

4 

Feb. 

10 

Bradley,  1672. 

35-    ^% 

E. 

»/4 

•659 

49 

5 

Feb. 

10 

a  Urs.  Min. 

5  —  35 

W. 

'/s 

•671 

73 

6 

May 

4 

X  Urs.  Min. 

35-4 

E. 

Vs 

•624 

75 

7 

May 

6 

d  Urs.  Min. 

35-5 

E. 

V. 

•656 

3' 

8 

May 

6 

X  Urs.  Min. 

35-5 

E. 

Vs 

•620 

76 

9 

May 

7 

6  Urs.  Min. 

35-    5 

E. 

Va 

•648 

31 

10 

May 

.  7 

^  Urs.  Min. 

35—5 

E. 

'/s 

•621 

76 

II 

Sept. 

t 

5 

a  Urs.  Min. 

36—4 

E. 

Vs 

•638 

81 

12 

Sept. 

5 

A  Urs.  Min. 

4  —  36 

W. 

Vs 

•647 

81 

13 

Sept. 

6 

X  Urs.  Min. 

4  —  36 

W. 

Vs 

-642 

81 

H 

Sept 

17 

a  Urs.  Min. 

36-  4 

E. 

Vs 

•617 

81 

15 

Sept. 

21 

X  Urs.  Min. 

4  —  36 

W. 

Vs 

•64* 

81 

The  computation  and  discussion  were  made  by  Mr.  H.  Farquhar,  of  the  computing 
division,  and  resulted  in  the  expression  for  the  eccentricity 

-f  079  cos  (3o-6d)  -f  066 sin  (3o-6il)  —  101  cos  (7o-2il)—  -OSasinCTo-Sd), 

where  d  =  number  of  divisions  read  off  and  the  correction  for  eccentricity  is 

*In  proposing  the  microscopic  method  of  projection  it  was  not  forgotten  that  the 
method  of  using  a  scale  in  the  eyepiece  of  a  micrometer  had  been  used,  but  what- 
ever the  results  thereby  obtained  may  be  they  are  liable  to  personal  equation.  In 
the  method  here  adopted  two  observers  interchange  places  and  the  personal  equa- 
tion will,  in  a  measure,  be  eliminated.  Moreover,  the  method  is  capable  of  mneb 
development. 

t These  observatiouH  include  series  of  udd  and  even  tenths  of  a  turn. 
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S.  Ex.  87—38 


APPENDIX  No.   10—1892. 


ON  THE  LEAST  SQUARE  ADJUSTMENT  OF  WEIGHINGS. 


A  report  prepared  by  direction  of 

O.  H.  TiTTBfANN, 

Aflsistant  in  charge  of  the  Office  of  Standard  Weights  and  Measures, 

By  John  F.  Hatvobd. 


TJ.  S.  Coast  and  Oeodetio  Survey, 
Oppiob  of  Standard  Weights  and  Measures, 

Washingtonj  D.  O.j  August  24^  1S92. 

Sir  :  I  beg  leave  to  submit  for  publication  the  following  paper,  which, 
by  my  direction,  was  prepared  and  compiled  by  Mr.  John  F.  Hayford, 
of  this  office. 

It  consists  of  formulae  for  the  least  square  a^ustment  of  weighings 
of  such  series  or  sets  of  weights  as  occur  commonly. 

If  a  set  of  weights  of  specified  nominal  dimensions  be  given,  it  is 
required  to  intercompare  them  in  such  a  way  that  a  sufficient  number 
of  observation  equations  can  be  formed  to  bring  out  a  precise  result. 

The  pax>er  shows  by  symbols  the  manner  in  which  the  weights  should 
be  combined  in  the  weighings. 

The  result  is  then  worked  out  symbolically  with  numerical  coeffi- 
cients for  the  quantities  sought  and  for  their  probable  errors. 

NOTATION. 

Let  each  weight  be  indicated  by  its  nominal  value  inclosed  in  a 
parenthesis,  which  has  as  a  subscript  the  designation  of  the  set  to 
which  it  belongs,  and  also,  if  necessary,  as  subscript  or  superscript,  a 
figure  to  indicate  which  of  two  or  more  similar  weights  of  a  set  is  meant. 

Thus:    (10«^)*,    (1000«™)o,     (6'"i)pi,     (200«»)*2,     (l«")3pi. 

r^  is  uniformly  used  in  the  following  paper  to  indicate  the  probable 
error  of  a  single  weighing. 

For  convenience  in  computation  the  nominal  value  of  each  weight 
may  be  omitted  from  each  absolute  term  and  the  weight  placed  equal 
to  its  correction,  the  nominal  value  being  always  understood,  though 
Hot  expressed. 
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Id  all  the  following  formnlaB  it  is  assumed  tbat  all  the  obs^rations 
included  in  a  single  adjustment  have  equal  weight. 

THBEE  EQUAL  WEIGHTS. 

To  derive  the  values  of  two  unknown  nominally  equal  weights  frpm 
the  value  of  a  third  known  weight  of  the  same  nominal  value. 

Let  the  weights  be  (l)i,  (1)2,  and  (1)3,  of  which  (1)3  is  known  with  a 
probable  error  r^u^ 

Let    X,  =  (l)i  -  (1), 
and       Xi  =r  (l)a  -  (l)j 

Let  the  following  weighings  be  made: 

(l)i  -  (1)3  =  a, 

(l)t  -  (1)3  =  <h 
(1),— (1),  =03 

These  observation  equations  may  be  written: 

Xi  =  Oi 

^  =  Os 

X\  —  0^2  =  ^ 

The  normal  equations,  giving  these  observation  equations  equal 
weight,  are: 

2x\  —    X2  ^=^  Of\  +  <h 

—   iTi  +  2X2  =  Oj  —  Oj 

Solving  ^i  =  i  (^a,  +  a,    -I-  xz) 

«i  =  i  («!    +202  —  03) 


••=w? 


n,  =  r,^  =  0-82  r. 
See  Travaux  et  Meuioires,  Tome  2,  p.  D.  73. 

FOUR  EQUAL  VTOIGHTS. 

To  derive  the  values  of  three  unknown  nominally  equal  weights  from 
the  value  of  a  fourth  known  weight  of  the  same  nominal  value. 

Let  the  weights  be  (l)i,  (1)2,  (1)3,  and  (1)4,  of  which  (1)4  is  known  with 
a  probable  error  r^)  • 

I^t  X,   =    (1),    -    (1)4 

^l  =   (1)^  -   (1)4 
^3   =(1)3   -(1)4 
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Let  the  foUowing  weighings  be  made: 

(1)X  -   (1)4  =  Oi 

+  (1).  -  (1)4  =  a, 

+   (1)3  -   (1)4  =  03 

(l)i  -  (1).  =  a, 

+   (1),  -   (1)3  =  05 

(l)i  -(1)3  =0e 

These  observation  equations  may  then  be  written: 

Xi  =  0| 

+  Xi  =:  (h 

+  a?3  =  03 
<Pi  —  ^  =04 

+  X2  —  iF3  =  O5 

Wi  —  a?3  =  06 

Giving  these  observation  equations  equal  weight,  the  normal  equa- 
tions are: 

3aPi  —    X2  —    d?3  =  Oi  +04  +  Ob 

—  a?i  +  3aJi—    a?3=      +  (h  —  O4  +  O5 

—  Xi  —    iP2  +  3a?3  =  +  03  —  Os  —  Of 

Solving 

«i  =  i  (2ai  +    a,  +    03  +  04  +  o«) 

ojj  =  4  (  ai  +  203  +    03  -  04  +  a«         ) 
flP3  =  J(ai+    o,  +  2o3  — Os  —  Oe) 


^=«^/? 


r,     =r^  =  r^=i  0-71  r. 

♦•(...  =  n.).  =  ♦•<..,  =  [(0-71  »•»)'  +  (n.)/]* 

Travaux  et  M^moires,  Tome  1,  p.  D.  72. 

FIVE  EQUAL  WEIGHTS. 

To  derive  the  values  of  four  unknown  nominally  equal  weights  from 
the  value  of  a  fifth  known  weight  of  the  same  nominal  value. 

Let  the  weights  be  (l)i,  (1)2,  (1)3,  (1)4,  and  (1)^,  of  which  (l)^  is  known 
with  a  probable  error  m) . 

Let  ^i  =  (1),  -  (1)5 

W,  =  (1),  ~  (1)5 
X,  =  (1)3  -  (1)5 
X,  =  (1)4  -  (1)5 
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Let  the  following  weighings  be  made: 

(1).  -(1)5  =  «1 

+   (1)«  -   (1)*  =  «t 

+  (1),  -  (1),  =  o, 

+    (1)4  -   (1),  =  04 


(l)l                                          -   (1)4 

=  «5 

+    (1)»                       -    (1)4 

=  a» 

+   (1),  -   (1)« 

=  "h 

(l)l                       -    (1)3 

=  o» 

+   (1).  -   (1)3 

=  0, 

(1).   -   (1). 

s=  au 

Tho^e  observation  equations  may  be  written: 

+  Xi  =  Oa 

-I-  a?3        .  =  03 
+  Xi  =  a^ 

Xi  —   iP4  =   Os 

+  X2  —  a?4  =  fls 

+  a?3  —  d?4  =  07 

+  ^  —  ^3  =  ^ 

fl?l  —  ^2  •  =  Oio 

Oiving  these  observation  equations  equal  weight,  the  normal  equa- 
tions are: 

—     jri-{-4jr3—     jTj—     jr4=4-aa  -fos  -}-«•  — «» 

--     JTi  —     Jda  -j-  4  jcj  —     X4  =  4-  «8  -f  At  —  ««  —  «• 

■«'l  *8  JTj  -("  4  ^^  =  -j-  <»4  ^6  —  <*•  ^^T 

Solving 

Xi   r=  J  (2  tfj   -|-        fl4   4-        tf3  -f        ^4  -f  tf5  -|-  tf g  -|-  tf,o) 

•^a  =  i  (     tf  I  -|-  *  **«  -f-      ^3  +       «4  "H  ^«  +  «9      -  «io) 

■^3  ^=  i  (      Ol  -|-        fla  +  2  tf 3  -}-        <24  +  <»7 tfg  —  tf »  ) 

•«"4==i(tfl-}-        <J5|-}-        as  4-2  ^4  06  Oe  —  fly  ^ 

rri   =  rjr,     =  rx,     =  rjr4     =      0*63  ra 

ni)t  =  n«).  =  ni).  =  ^1)4  =  [(063  ra  )*  +  f«(.),  ]» 

SERIES  4,  3,  2,  1, . 

Series  (10),  (4),  (3),  (2),  (1),  (O-i),  (0-3),  (0-2),  (0-1), . 

Observation  equations,  supposing  (10)  to  be  known  with  the  prob- 
able error  r^^^^. 
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+  (3)  +  (2)  +  (I) 

+  (3)  +  (2) 


=  tfl  = 


+  2i  =«,— 


Observed  difference  [combiiuition 

rection  (lo). 
Observed  difference  [combination 

rection  (lo). 


(lo)]  +  cor- 
(lo)]  +  cor- 


-  (3)  -  (2)  +  21  =  «3 

—  (2)—  (I)  —  21   =tf4 

-(3)  -(I) 

-  (3)  -  21  =  a, 

+  (3) -(2) -(I)  =a, 

+  (3) -(2)  -2i=as 

+  (2)-(l)-2l=fl, 

+  (l)  — 2l=tf,o 

2 1  =  (0-4)  +  (o-3)  +  (o-2)  +  (o-i). 

Giying  these  observation  equations  equal  weight,  the  normal  equa- 
ls are: 


6(4)-    (3)  -    (0 

(4) +  7  (3)+    (2)+     (I) 

+     (3)+ 7  (2)  + 2(1)  +    21 

(4)+     (3)+2(2)+6(i)+     Zi 

+    (2)+    (i)  +  7  2i 


fli  +  flg  +  flS  +  fl4  +  tf  5  +  <J« 

«!+««  —  tfa  — «6  —  tfe  +  ^'T  +  tfa 

«j  +  *i — «s — ^4  — fly  —  «8  +  «d 

tfi  — Oi — a^  — tff         — tftt  +  tfo 

+  tft  +  a8 — ^4  — os         — at  —  09  —  aio 


The  values  of  the  unknowns  are: 


«l 

«« 

«i 

«4 

«• 

(4  - 
3)  = 

(0 
£1  = 

+O-216162 

+  139397 
+  -082828 

+  157575 
—  034343 

+0-183838 
+  -160603 
+  -117172 

—  -057575 
+  -134343 

+0-161616 

—  'I06062 

—  -171717 
+  075758 
+  -156566 

+0-159596 
+  -051516 

-10707 1 

—  093940 

—  -II4I4I 

+0-123232 
—  -112123 
+  -056566 

—  : 148485 
+  013131 

0t 

•f 

«• 

•» 

•h 

(4)  = 

(')  = 

Si  — 

+0-155556 

—  133330 
+  022222 
4-  066666 

-  •i55556 

+0-004040 

+  -184844 

—  -129293 

—  -160604 

+  -041414 

+0036364 
+  -163638 

—  -163636 
+  054546 

—  127273 

— 0-038384 

-006062 

+   228283 

-224242 

—  •M3434 

+0032323 

—  -021 214 

—  034343 

+  -2I5I52 

•168687 

*". 


=»7 


6 


♦•(«)  = 

»■(.)  = 

♦•(•)  = 

♦"(1)  = 


[(0-42  r.)»  +  (0-4  r„.,)»J» 
[(0-39  r.)»  +  (0-3  r,„,)«]» 
[(0-40  r.)»  +  (0-2  r,„,)»]* 
[(0-44  r.)»  +  (0-1  r,„-)«]t 
[(0-38  r.)»  +  (0-1  r„„)»]t 


(10)  may  be  a  single  kuown  weight  or  a  combination  of  known  weights. 
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In  proceeding  with  the  next«tep  of  the  series  (0-4),  (0*3),  (0-2),  (01), 
the  first  observation  eqaation 

(0-4)  +  (0-3)  +  (0-2)  +  (0-1)  =  oi 

simply  expresses  the  valne  of  21  derived  above. 
The  second  observation  eqaation 

(0-4)  +  (0-3)  +  (0-2)  +  101  =  a, 

is  to  be  derived  by  weighing  the  indicated  combination  against  (1)  and 
taking  the  valne  of  (1)  from  the  adjustment  just  made. 

The  r^io)  of  the  formnlsB  for  computing  the  probable  errors  may  then 
be  taken  as  equal  to  r^i. 

SERIES  5,  4,  3,  2,  1,  — ,  — ,  — . 

Series  (6),  (4),  (3),  (2),  (1),  (0-5),  (0-4),  (0-3),  (0-2),  (0-1),  -,  — , 
(10)  Either  as  a  single  weight  or  as  a  combination  of  weights  is 
supposed  to  be  known,  with  a  probable  error  r^o) 

Observation  equationi. 

(5)  +  (4)  +  (i)  =  «i  =  Observed  difference  [combination  —  loj  +  correc- 

tion (10) 

(^^  ^  (3)  -f  (2)  =  Of  =  Observed  difference  [combination  —  loj  4-  conec- 

tion  (10) 

-f  (4)  -{-  (3)  -f  (2)  4-  (i)  =  aj  =  Observed  difference  [combination  —  loj  -j-  coirec- 

tion  (10) 

(5)  -  (4)  -  (3)  +  (2)  =  ^4 

(5)  -  (4)  -  (2)  +  (I)  =  a, 

(5) -(4)  -(!)  =  «• 

(5)  -(3) -(2)  =«T 

+  (4)-(3)-(2)  +  (i)=a. 

+  (4)  -  (3)  -  (0  =  «« 

+  (3) -(2) -(I)  =  ^10 

Oiving  these  observation  equations  equal  weight  the  normal  equa- 
tions are 

+  6(5)  — 2(4)—    (3)  +    (i)  =  tfi+a8         +tf4-f  fl6-ftf«  +  «7 

—  2(5)  +  7(4)  +2(x)=tf,  4-tf3  — tf^  — tfj— tf^  4-0,^^9 

—  (5)  -f7(3)  +  2(2)  =     -|-tf,4.a,  — tf«  -^ai  —  ot  —  a^-^-an 

+  2(3)  +  7(2)  =      +094- «J  +  «4  — «i  — fl,  — a,  — tf„ 

-f     (5)  +  2(4)  +7(0=''i  -f«»         +«»  —  «»         4-«t— tfto  — «!• 
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Solving 


(5)  =  A  (+  5«i4"  5««4"  ••+  ««44-  •«»4-  4««+  4«f  +  ••»+  a«i«) 
<4)  =  dhr  (4- 95  «i  +  4«>««4-  «3««-  6i  ^4  -  «3«f  -  «3««  +  3«  «f  +  55««4-«x5«»+  3««w) 
(3)  =  g*»  (+  35  «i  +  »4S  «t  +  "7  •»  -  184  ««  4-  5«  «»  +  •»  «t  -  8a  «,  -  xio  «.  -  140  «t  4- «««  «m) 
(»)  =  «!■(-  5  «i  4-  50  «t  4-  54  ««  4-  57  ««  -  79  «•  -  4  «•  -  59  ^f  -  55  «•  4-  ao  «t  -  'oi  «,,) 
<«)=AC+S«i-  5««+  9«i4-  •«44-««««  —  »4««-4«»4-  »<>••-  •<>«•-  «^«i«) 


m3  V    5 


— .        5 
rw  =  [(0-45  r.)«  4-  (0-5  r(ia))«]* 

'(4)  =  l(o-43  *--)•  4-  (o-4  ''(lo))']* 
''(t)  =  [(0-40  r.)«  4-  (0-3  ''(lo))']* 
''(t)  =  [(0*40  r.)«  4-  (0-2  r(io))«]* 
^1)  =  [(0-41  ^.)«  4-  (oi  nio))*]* 

SEBIES  6,  5,  4,  3,  2,  1,  — ,  — ,  — , 

Series  (6),  (5),  (4),  (3),  (2),  (1),  (0-6),  (0-6),  (0-4),  (0-3),  (0-2),  (0-1),  -, 

(10)  Either  as  a  single  weight  or  as  a  combination  of  weights  is 
supposed  to  be  known,  with  a  probable  error  r^y^^ 

Obtervation  equations.  . 

(6)  -f"  (4)  =  01  ^  Observed  difference  [combination  —  10]  -|- 

correction  (10) 

-f-  (5)  -|-  (4)  -|-  (i)  =  a,  =  Observed  difference  [combination  —  10]  + 

correction  (10) 

-|-  (5)  -\-  (3)  +  (3)  =01  =  Observed  difference  [combination  —  10]  -f- 

oorrection  (10) 

(6)  -  (5)  -  (4)  +  (3)  =  «4 

(6)  -  (4)  -  (3)  +  («)  -  (•)  =  ". 

(6)-{S)  -(a)  +  (i)  =  -z, 

(6)-.(S)  -(0='H 

(6)  _(4)  _(2)  =«, 

+  (S)  -  (4)  -  (I)  =  <^ 

+  (5)  -(3)-(«)  =".. 

+  (4) -(3)  -(i(  =  ''« 

+  (3) -(»)-(!)  = -I. 

Oivuig  these  obaervation  equations  eqnal  weight,  the  normal  equa- 
tions are 
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r 


=  «x/?I 


(6) 


6 

[(0-49  r.)»  +  (0-6  r„.,)']» 
r„,  =  [(0-43  r.)»  +  (0-6  r,,,,)*]* 
r,.,  =  [(0-42  r.)»  +  (0-4  r  ■„,)']» 
r,„  =  [(0-43  r.)»  +  (0-3  r,..,)»]» 
r,„  =  [(0-42  r.)»  +  (0-2  r,..,)»]» 
r,„  =  [(0-41  r.)»  +  (0.1  r(,„)»]* 


SERIES  6,  8,  2, 1,  — ,  — ,  — , 

Series  (6),  (3),  (i2),  (1),  (0-5),  (0-3),  (0-2),  (04)  — ,  — ,  — .  (10)  either  as  a 
single  weight  or  as  a  combination  of  weights  is  supposed  to  be  known 
with  a  probable  error  r,,,, 


Observation  eqiMtiont. 


(5).  +  (3)  +  (2) 


(5)  +  (3) 


=  «i  = 


Obcerved  difidrence  [combinatioii  —  (lo)  ]  -f  cor- 
rection l[io). 
-|-  (l)  -f-  2'  =  os  =  Obsenred  difference  [combination  —  (lo)]  -{-  cor- 
rection (lo). 
(5)  -  (3)  -  (»)  -  (0  +  21  =  0, 

(5)  -  (3)  -  (a)  +  (0  -  2i  =  -4 

(5)  -  (3)  -  («)  =  "» 

(5)  —  (3)  -  (0  -  Si  =  <., 

+  (3) -(*)-(•)  =«» 

+  (3)-(«)        .-j:i  =  «, 

+  (*)-(«)- 2i  =  «. 
+  (I)  —  ll—  au, 

Giving  these  observatiou  equations  equal  weight  the  normal  equations 


tf  1  +  «8  -f-  «»  +  tf  4  -f-  flft  +  «• 

«l  +<*• ^ ^4 ^6 — «fl +  <*?  +  <»• 

tf  1  Os  —  ^4 a^  Of  —  ^  -f-  ^9 

-f-  ^ tf S  -|-  tf4  —  Oq  —  tf 7  ^  -f~  ^'lO 

-j-flj-J-tfj  —  «!  tf0  O^  —  Os  —  010 


+  6(S)-*(3)-*(*)      . 

-2(S)  +  8(3)  +  a(a)+    (0+    S» 

-3(S)  +  a(3)  +  7(2)       • 

+    (3)  +7(1) 

+    (3)  +721 
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Solviog: 


3)  = 

2l:= 


+0277778 

-ho-155556 
4-0-177778 

— 0'022222 
—0*022222 


-f-o- 222223 

4-0-144445 
-|.0'022223 
4-0*122222 
4-0*122222 


4-0*1 1 1  ifl 

—0*077778 
—0*088889 

— 0-131746 
+0*153968 


+0*111111 

—0077778 
—0-088889 

+0*153968 

>I3I746 


+0^111111 
—0^7778 
—0-088889 
+0-011111 

+0-0II1II 


2i  = 


+0*166666 
— 0-066667 
+0-066666 

"33333 
>•  1 33333 


+0*200000 
— o' 200000 
— 0*171429 
—0-028571 


+0*200000 
— 0-200000 
— 0*028571 
171428 


+0*055556 
+0*011111 

+0-155556 
144444 

144444 


+0-142857 
— 0-142S57 


r 


"•Vi? 


(4) 


[(0-44  r.)»  +  (0-5  r,.„)»]» 
[(0-38  r.)»  +  (0-3  r„.,)*]» 
[(0-41  r.)»  +  (0-2  r,„,)*]» 
[(0-38  >.)»  +  (0-1  r,^)']» 
[(0-38  r.)»  +  (0-1  r,^,)»l» 


SERIES  5,  2,  a,  1 —> 

Series  (5),  (2)„  (2),,  (1),  (0-5),  (0-2),,  (0-2)„  (0-1) 

(10)  either  as  a  single  weight  or  a  combination  of  weights  is  supposed 
to  be  known  with  a  probable  error,  r^t,y, 
First  make  the  weighingc 


Then 
and 


(6)  +  (2),  +  (2),  +  (1)  =  (10)  +  ^i 
(6)  -  (2),  -  (2),  -  (1)  «  J, 

(5)  =  }  [(10)  +  ^i  +  J.] 

(2),  +  (2),  +  (1)  =  i  [(10)  +  ^,  -  //,]  =  IT 

Observation  equationt. 

ft 

=  ai 

-.a,  21  =  (0-5)  +  (0-2),  +  (0-2),  +  (0-1), 

=  a» 

=  «» 
:  a. 


(1) 

(1)  -  (2),  +  21 

(1)  -  (2),  +  21 

+  (2),  -  (2), 
(1)  +  (2),  -  (2),  -  21 
(1)  -  (2),  +  (2),  -  21 
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Giving  these  observation  equations  equal  weight  and  introdncing 
the  rigid  condition  (2)i  +  (2)a  +  (1)  =  W,  the  normal  equations  are: 


+  5(0-       (2),-       (2),-       II  = 

-  (I) +  4  (2), -3  (2),-     21  = 

-  (I)  -  3  (2)i  +  4  (2),  -     21  = 

-  (l)^      (2)»-      (2), +  5  21  = 


—  flf  -\-  a4  -\-  a^  —  Of 

—  03  —  04  —  a»  -{-  ^6 

—  tfi-l-tfj  +  fla  —  «»  —  «« 


Solving 


(I)  =  i  (     *«i+     «t-f-    ••  4-  K+  1^6+    W) 

(2)i  =  A  (- 1^1  -  V«.  -  f^.  +  V«4  4-  if «» -  H^6  +  4  W) 

(2),=  iS  (-la,  ~    ftf,  -  i^fl,  -  i^0,  -  1^0,  4-  Jffl.  4-  4  w) 

Or  the  solution  may  be  put  in  the  form — 


S 

M 

N 


«i 


-f-  tfg  4"  ''^  +  ^'b  +  <*• 

tfg  +  «4  +  «6  -|-  «• 

03  04  —  <Z6  -h  ^ 

i  (m,  4-  wa  -I-  OT,) 
S 


==  w^  —  S 

=  »«8  S 

=  4  W  4-  « 

'9 


i*a  +  w'» 


»rM 


(I)  =-  i  («»i  +  W) 
(2)|=A,(M    4-N) 
(2).=  A,(M    -N} 
21   =  i[(l)  -S] 


=  '^AT 


M 


r«  most  be  computed  according  to  the  method  of  deriving  the  value 
of  W,  assuming  that  the  probable  error  of  each  weighiug  is  r..  In  cou- 
tinning  the  series  it  should  be  noted  that  the  value 


is  already  known. 


(0-6)  +  (0-2),  +  (0-2),  +  (0-1)  =  21 

r,„  =  [(0.37  r.)»  +  (0-2  r.)»]l 

r,,,^  =  [(0-32  r,y  +  (0-4  r.)»]t 

r,„^  =  [(0-32  r.)»  +  (0-4  r.)»]l 

r„    =  [(0-45  r.)»  +  (0-2  r.)»]» 


Fee  Travanx  et  Memoirs,  Tome  III,  pp.  D  93-D  94. 
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SERIES  5,  2,  1,  1, 

Series  (5),  (2),  (1)„  (1)„  (0-6,  (0-2),  (0-1  )„  (0-iy„ . 

(10)  either  as  a  single  weight  or  a  combination  of  weights  ia  supposed 
to  be  known. 
First  make  the  weighings — 

(5)  +  (2)  +  (l)i  +  (1)2  +21  =  (10)  -f  ^, 
(5)  -  (2)  -  (l)i  -  (1),  ^  21±.J2 

21  =  (0-5)  +  (0-2)  +  (01),  +  0-1),  +  ^'0-1 

Then  (5)  =  i  [(10)  +  Ji  +  J,] 

and  (2)  +  (1),  +  (1),  +  Sl^i  [(10)  +  ^,  -  z^,]  =  IT 

Then  make  the  weighings  indicated  by  the  following 

Observation  equations. 

(l)i  -  (1)2  =  a, 

(1),  -  :si  =0, 

+    (1),  -    21  =03 

(1),+  (1),  -(2)  =  a, 

+  (1),  +  :^1  -  (2)  =  a, 

(1)  +  ^1  -  (2)  =  a^ 

Giving  these  observation  equations  equal  weight  and  introducing  the 
rigid  condition  (2)  +  (l)i  +  (l)a  +  21  =  JST,  the  solution  of  the  resulting 
normal  equations  give— 

(Oi  =  A  (+ S''!  +  5tf«  +3«4  — 2tf8 4-3118) +  iK 

(0«  =  ftf  (—  5«i  -f  S^^  +  3«4  +  3«»  —  2tf«)  +  t  K 

2i    =  A  (  —  5^  —  5«8  —  2fl4  +  3«»  +  3«e)  -f  i  K 

(2)  =  iV  (  —  4«4  —  4««  —  4«6)  +  I  K 


''(1)  =  f  (^•35''.)^  +  (o^'-k)'-^] 


}i 


r^  must  be  computed  according  to  the  method  of  deriving  the  value 
of  Ky  assuming  that  the  probable  error  of  each  weighing  is  r..  In  con^ 
tinning  the  series  it  should  be  noticed  that  the  value  (0*5)  +  (0-2)  +  (0*l)i 
+  (0-1)2  +  21  =  21iB  already  known. 
These  formulsB  maybe  applied  to  the  office  Sets  of  weights  as  follows: 
For  the  platinum-iridium  metric  weights  pi,  series  5,  2, 1, 1,  p.  526. 
The  third  1-gramme  weight  may  take  the  place  of  21  in  the  formula. 
In  closing  the  series  one  extra  half  milligramme  with  that  which  be- 
longs to  the  set  will  furnish  2'0*00le". 
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For  the  star  metric  weights  (  )*. 

Weights  100a«~,  500««,  200i«",  200,«'",  100,«»",  10Q,««,  use  formulse  of 
liages  524  and  525,  putting  lOOsinn  in  the  place  of  21. 

Weights  5a«™,  30*"*,  20«°»,  10«",  use  formnte  of  pages  623  and  524. 

Weights  5«",  4«™,  3«™,  2««,  1«",  use  formulae  of  pages  520  and  521. 

For  the  remainder  of  the  set  use  formulae  of  pages  518  and  519. 

For  star  grain  weights  use  formuIaB  of  pages  520  and  521. 

For  star  troy  ounce  weights:  Weights  10<»,  6~,  5<»,  4«",  3«»,  2^j  1«», 
use  formulsB  of  pages  521  and  522. 

For  the  remainder  of  the  set  use  formulae  of  pages  520  and  521. 

For  the  new  gilded  metric  weights  (  )  O  use  formulae  of  pages  520 
and  521. 
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RESULTS  OF  MAGNETIC  OBSERVATIONS  AT  STATIONS  IN  ALASKA  AND 
IN  THE  NORTHWEST  TERRITORY  OF  THE  DOMINION  OF  CANADA. 


Observations  at  five  stations  in  Alaska  by  J.  E.  McGrath  and  J.  Henry  Turner, 
Assistants,  U.  S.  Coast  and  Geodetic  Survey,  in  the  years  1889,  1890,  and  1891. 

DiBciiBsion  of  lesults  and  comparison  with  other  stations  by  Charles  A.  Schott^ 

Assistant. 


Sabmitted  for  publication  June  22, 1892. 


The  report  which  I  have  the  honor  to  submit  herewith  relates  only 
to  the  magnetic  results  reached  by  Assistant  J.  E.  McOrath  and 
Assistant  J.  H.  Turner  in  connection  with  their  survey  of  the  eastern 
boundary  of  Alaska,  between  Mount  St.  Elias  and  the  Arctic  Ocean, 
during  1889-'90-'91. 

The  magnetic  records  and  observers'  computations  are  the  only 
returns  made  to  date;  lience  they  were  taken  up  first.  The  office  com- 
putation is  by  Mr.  L.  A.  Bauer.  The  instrumental  outfit  of  Mr.  McGrath 
consisted  of  Magnetometer  ISo.  7  and*  Barrow  Dip  Circle  No.  12;  Mr. 
1'urner  had  Theodolite  Magnetometer  No.  Ill  and  Barrow  Dip  Circle 
No.  8;  also  a  prismatic  compass. 

(i)  Observations  an  Amahnak  Isla/nd,  Iliuliuk  Harbor  ( Unalaska). 


[*  =  53'sa 

''•9. 

K  =  i66»  3x'-6  W.] 

1889 

X89I 

June      28, 29 
28,29 

July  15, 16, 17 1 

McGrath 
Turner 
Turner  and  ) 
'  Edmonds     I 

/>= 

0         / 

—17  46*0 
—18   12*4 

—18  069 

0       / 
0  =  67  13-2 

67  068 

67    I7'2 

/T— 0*2058 
0*2052 

0*2057 

/•— 0-5314 

05278 

0-5328 

The  predict-ed  annual  decrease  of  declination  (App.  7,  Bep.  1888), 
epoch  1800,  was  2''4;  it  is  probable  that  3*0  is  nearer  the  truth.  A 
new  discussion  of  the  14  values,  now  available,  resulted  in  the  expres- 
sion D  =  - 17-65  +  2-26  sin  (1-3 m  —  69«). 

8.  Ex.  37— 3i  529 
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(2)  Observations  at  St.  Michael^  on  tundra  back  of  the  viUays^ 


[Statioos 

• 

A  and  B  close  together.    ^  =  63" 

a9''i. 

X=:j62*' 

05'»  W.] 

0      / 

0            / 

• 

1889 

July       7»  8, 9 

McGrath 

/)= 

—23  150 

6  = 

^  74  S7« 

/f=  0*1479 

/•=  0-570? 

7, 8, 9, 10 

Turner 

—23  098 

75  065 

0-1471 

0-5723 

1890 

Oct.  26, 27,28,) 

29.30/ 
Nov.  26, 27,28) 

Turner 

—23  07-0 

75  "' 

0-I474 

0-5770 

I89I 

Mar.  7,8,9, 10? 
June   16  to  23) 

Turner 

-—23  02«4 

75  050 

0^1475 

OrS72& 

This  is  not  a  secular-change  station,  bat  may  become  one  hereafter. 
In  the  summer  o£  1827  Admiral  Liitke  found  30"*  30'  £.  in  Norton  Sound 
near  this  place,  and  in  June,  1874,  L.  M.  Turner  found  23''  C  E.,  this 
last  probably  a  rough  and  unreliable  value.  We  infer  from  other  sta* 
tions  that  the  declination  has  been  diminishing  since  Ldtke's  time; 
hence  an  annual  rate  of  T,  which  seems  to  fall  in  well  with  results  at 
stations  in  the  vicinity. 

{3)  Observations  at  Fort  Yukon  {now  abandoned). 


[^  =  66- 33'«. 

A=.45-i 

i7'«  W.] 

1889 

Aug.  5, 6, 7, 8 
8,9,10,11 

McGrath 
Turner 

Z?= 

0        / 

-34  469 
—35  120 

0      / 

^  =  79  343 
79  37*8 

^=  0-1070 
0-1070 

/?"=  0-5911 
0-5944 

The  only  other  observations  known  to  me  at  this  place  are  those  of 
Capt.  C.  W.  Raymond,  U.  S.  E.  He  found :  1869,  August  14, 16  and 
26,  i)  «  -  36**  32'-7,  0  =  79**  49'-5,  but  his  intensity  results  h  =  2-7321 
and/  =  15-472^  or  when  converted  into  C.  G.  S.  terms  R  =  0-1260  and 
F  =  0*7134,  appear  to  be  too  large.  The  average  annual  dimination 
of  declination  becomes  4^*6,  a  smaller  value  than  had  been  supposed 
heretofore.  Probably  the  truth  lies  between  4'-6  and  lO'-O,  particularly 
since  no  extreme  value  was  known  to  have  been  reached  in  the  interval 
of  twenty  years.  The  isogonic  chart  for  1890,  Appendix  No.  11,  Reiwrt 
for  1889,  p.  396,  gives  the  declination  ^  33**,  or  about  2**  too  small,  due 
to  the  cause  just  mentioned. 

(4)  Camp  DavidsoUj  eastern  bou/ndary^  on  Yukon  River, — <p  =  64®  41', 
A  =  140°  57^  At  this  place  magnetic  observations  were  made  by 
McGrath  generally  on  three  or  more  days  each  month,  between  Sep- 
tember, 1889,  and  May,  1891  (inclusive).    The  results  are  as  follows: 


Mean 
Date. 

18898 
1890-5 
1891-2 

Decl'n  E. 

Dip. 

lloriz.  InL 

Total  Int. 

0        f 

'    35  47*3 
441 
430 

0       / 

78  366 
32-6 

33*9 

0-1171 
•1173 

•"73 

05929 

•5903 
•5918 
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Northwest  Territory. 

Ko  reliable  value  for  annual  change  of  declination  can  be  deduced, 
the  series  being  too  short,  but  here  also  the  indications  point  to  a 
smaller  value  than  had  been  inferred  previously.  A  diminution  of 
about  5^  or  6'  is  probable. 

(5)  Camp  Colonnaj  Porcupine  Bif>er.—q>  =  67°  25'-l,  X  =  140<>  58'-8. 
At  this  station  we  have  absolute  measures  as  well  as  differential  ones 
by  J.  H.  Turner  and  party.    The  results  of  the  former  are  as  follows: 

From  daily  observations  between  June  13  and  25,  inclusive,  1890. 

D  =  -  38°  06'-8 
e  =       80°  36'-9 
Ji=       00972  and -P  =  0-5961 

H.  W.  Edmonds,  observer.  The  differential  measures  form  quite  an 
extensive  series  and  admitted  of  some  of  the  usual  deductions  respect- 
ing the  variations  of  declination.  These  measures  are  confined  to 
variations  in  declination  and  were  made  every  five  minutes  through 
twenty-four  hours  on  one  day  (Tuesday)  of  every  week  between  Novem- 
ber, 1889,  and  June,  1890;  in  all,  covering  thirty  days  of  observation. 
In  this  work  Mr.  Turner  was  assisted  by  H.  W.  Edmonds,  J.  Meade, 
W.  E.  lingard,  and  0.  P.  Harkort.  The  five-minute  intervals  were 
considered  as  unnecessarily  close,  i.  e.,  the  same  results  were  deducible 
from  the  hourly  values,  hence  the  latter  only  were  reduced  to  a  uniform 
zero  by  applying  the  correction  for  the  various  circle  readings;  that  is, 
they  were  converted  into  absolute  measure.  The  position  of  the  mag- 
netic axis  of  the  long  or  intensity  magnet  was  determined  in  June,  1890, 
also  at  Iliuliuk  and  at  St.  Michael  in  June  and  July,  1889;  a  weighted 
mean  value  has  been  used.  In  the  hourly  tabulation  of  results  the 
letter  <<  a"  indicates  the  appearance  of  an  aurora.  Between  December 
9  and  16  the  sun  disappeared  and  re-appeared  above  the  horizon  between 
January  20  and  27.  The  adopted  scale  reading  of  the  axis  was  32^1,  and 
the  value  of  one  division  of  the  scale  is  1''60;  there  are  many  readings 
connecting  the  zero  of  the  horizontal  circle  of  the  declinometer  with  the 
azimuth  mark.  The  tabulation  isherewith  appended.  A  result  differing 
more  than  13'  from  its  hourly  mean  has  been  marked  as  a  disturbance 
and  is  indicated  by  a  star  attached  to  it.  The  character  of  the  diurnal 
variation  remains  the  same  for  the  total  and  the  normal  diurnal  vari- 
ations, the  latter  showing  less  amplitude.  The  accompanying  table  has 
been  prepared  to  show  the  accord  of  the  diurnal  variation  of  the  declina- 
tion at  this  camp  with  the  variations  observed  at  several  surrounding 
stations,  though  widely  separated  geographically.  They  are  (a)  to  the 
northward  and  westward,  Uglaamie,  Point  Barrow,  Lieut.  P.  H.  Eay, 
<p  =  71°  17'-7,  X  =  156°  39'-8  W.  <see  Appendix  No.  13,  Coast  and  Geo- 
detic Survey  Report  for  1883),  results  from  hourly  series,  October,  1882, 
to  March,  1883,  inclusive,  (b)  Plover  Point,  Point  Barrow,  about  16 
kilometres  to  the  north  and  east  of  Uglaamie,  <p  s  71°  2V*4^  k  ^  l.^^""  \&*  -V 
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W.,  series  by  Commander  R.  Maguire,  R.  K,  in  185^'53-'54;  PhU.  Trans, 
Eoy.  Soc,  1857  5  results  from  November,  1852,  to  Jane,  1853,  inclusive^ 
and  from  October,  1853,  to  June,  1854,  inclusive,  (c)  To  the  southward 
and  eastward,  Sitka  ( Japonsky  Island) ;  Russian  magnetic  observatory 
in  ^  =  57°  02'-9,  \  135°  20'-3  W.  This  series  extendi  from  1848  to 
1864,  but  is  much  broken  up  and  very  irregular  as  to  hoars  of  obser- 
vation, and  the  variation  could  not  be  made  out  for  each  month  sep- 
arately (see  table  at  foot  of  p.  347,  Appendix  Ko.  13,  Report  for  1883). 
(d)  To  the  .eastward  and  southward.  Fort  Rae,  Great  Slave  Lake,  in 
<p  =  62°  38'-9,  7i  =r  115°  43'-8  W.,  Capt.  H.  P.  Dawson,  R.  A.,  1882-^83 
(see  observations  of  the  International  Polar  Expeditions,  London,  1886); 
the  results  given  refer  to  the  time,  October,  1882,  to  March,  1883, 
inclusive.  And  (e)  Fort  Chipewyan,  Lake  Athabasca,  to  the  south- 
ward of  Fort  Rae,  and  in  9  =  68°  43',  X  =  111°  18'-7  (see  magnetical 
and  meterological  observations  at  Lake  Athabasca  by  Capt.  J.  H. 
Lefroy,  London,  1885,  series  from  October  16, 1843,  to  February  29, 
1844,  inclusive).* 


Local  hour. 

Camp  Co- 
lonna.  Por- 
cupine 
River, 

Uglaamie, 

TPoint 

Barrow. 

Plover 
Point, 
Point  Bar- 
row. 

Sitka,  Ja- 
ponsky 
Island. 

Fort  Rae, 

Great  Slave 

Take. 

Fort  Chip- 
ewyan, 

Lake  Atha- 
l>asca.t 

/ 

/ 

/ 

/ 

/ 

/ 

Midnight. 

—  77 

—  15-2 

— IO-8 

—  0'6 

~io-5 

-  1-9 

I 

—  4-2 

—13-6 

80 

4-    0-2 

^   4-12-3 

1-6 

2 

—  5*4 

—  4*9 

—  1-9 

-f  i-o 

—  73 

4-  09 

3 

+  31 

+  6-5 

+  3-6 

4-  1-4 

4-  1-5 

-f  1-6 

4 

-f  4'0 

-f  6-9 

-f-io-9 

4-  20 

4-  8-7 

4-5-8 

5 

-fii-5 

+157 

-f-i6-6 

4-  2-9 

4.15-6 

4-  8-2* 

6 

+  U-5 

4-192 

4-19*3 

4-  4-2 

4-19-9 

4-5-8 

7 

+  "•3 

-f2I-8 

+27-1* 

4-  5-3 

-f20-8 

4-  5-5 

8 

4- 1 6-4* 

+247* 

-4-27-0 

4-  6o» 

4-24-7* 

4-  3-9 

9 

4-I2-0 

4-17-8 

4-199 

4-  5*3 

4-24-1 

4-  3-7 

10 

-f  5-6 

+  8-3 

4-  9*3 

4-  30 

4-15-5 

4-  1-3 

II 

-f  i-i 

—  0-6 

—  04 

4-  0-6 

+  7-7 

~  30 

Noon. 

-  53 

6-8 

8-2 

—   2-1 

—   2-0 

—  4-0 

13 

-  SZ 

—  71 

~io7t 

—  32 

—  55 

—  4*9 

14 

—  r^f 

—  8-ot 

-9-8 

—  4-2 

-8-5 

—  5-2t 

'5 

-  6-5 

—  61 

-_  99 

-4-6 

—10-5 

—  4-2 

16 

-  6-4 

-  7-6 

~  98 

-  4-6t 

— io7t 

—  33 

17 

-  5-6 

--  7.7 

—  IO-2 

-3*8 

— io*s 

—  2-9 

18 

—  50 

8-2 

—  97 

—  32 

— 10-7 

~  1-8 

»9 

-  3-6 

6' I 

-  8-4 

-  2-4 

—  9-9 

—  1-4 

20 

—  30 

-.6-5 

—  9'0 

—  1*4 

— IO-6 

—    1-2 

21 

—    2-0 

-6-5 

-  7-5 

—  0-8 

—  9-0 

—    1-0 

22 

—    29 

—11-5 

—  7-9 

—  04 

—  10-3 

|—  °'3 

23 

—  5-2 

—  4-2 

—11-5 

--  0'6 

—10-3 

—  01 

Midnight. 

—  77 

—15-2 

— IO-8 

0-6 

— lO'S 

—  1-9 

A  -H  sign  signifies  a  deflection  of  the  north  end  of  the  needle  to  the  etut,  a  —  algn  the  contniy 
motion.  For  other  North  American  stations  compare  tahle  given  In  Appendix  •,  Keport  for  1880,  ^ 
263.  Owing  to  the  sun  spot  or  eleven  year  ineqnality  and  the  ditmmatance  that  tbe  tabular  value* 
do  not  strictly  refer  to  the  same  months,  the  ranges  of  the  diiimal  variaUon  ai«  not  dir«ctiy  oompar 
able,  but  the  hours  of  extreme  range,  marked  thus,  *  and  f,  as  well  as  the  hours  of  average  dafly 
value,  indicated  by  change  of  sign  and  a  bar may  be  so  compared. 

•  Figures  ftlightly  altered  to  refer  to  mean  of  24  hours. 
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Results  of  Magnetic  Observations  at  stations  in  Alaska  and  in  the 

Northwest  Territory, 

Analysis  of  the  larger  disturbances, — ^This  was  roughly  done  by 
Sabine's  method*  (as  fully  explained  in  Appendix  ^o,  9,  Beport  for 
1890,  p.  269,  and  following),  the  adopted  limit  of  ±  13'  separated  68  out 
of  a  total  of  720  hourly  values,  or  about  1  in  11.  The  predominance  of 
the  easterly  over  the  westerly  disturbances,  both  in  number  and  amount, 
as  heretofore  noted  for  IS^orth  American  stations,  is  again  confirmed  at 
Camp  Golonna,  as  shown  in  the  following  table: 


Nov. 

Dec. 

Jan. 

Feb. 

Mch. 

Apr. 

May 

Total. 

Number. 
E.              W. 

Amount. 
E.              W. 

1 

7  2 
6              2 

7          5 

6  I 

7  3 

8  2 

9          3 

163            74 
143            64 
150            92 

139            31 
183            96 

193            36 
322           SS 

50        18 

1 293         448 

Eatio  of  easterly  to  westerly  disturbances,  1  to  2*8  for  number  and 
1  to  2*9  for  amount.  The  average  disturbance  is  about  26',  and  the  time 
of  greatest  activity  (for  easterly  deflections)  is  between  5**  and  9^  and 
of  least  activity  between  14^  and  20^.  However,  the  total  number  is 
too  small  and  the  series  too  incomplete  to  place  much  reliance  on  this 
deduction.    The  extremes  of  the  series  are  37**  +  2°  42'  and  37^  +  6'. 

(6)  Station  in  valley  of  Three  Rivers^  \xi<p  —  68»  36'-8,  \  =  141o  00'  W^ 
Turner,  observer.    Declination^  April,  ?,  1890,  —  40°  33'. 

(7)  Station  mouth  of  Firth  River^  in  <p  =  69°  23'-5,  X  =  140°  00'  W. 

* 

Turner,  observer.  Declination,  April,  ?,  1890,  —  43°  22'.  This  last  sta- 
tion is  not  far  from  the  Arctic  Ocean,  between  Demarcation  Point  and 
Herschel  Island ;  an  observation  of  August  16, 1889,  at  Herschel  Island, 
by  officers  of  the  Thetis^  agrees  well  with  it.  By  meaqs  of  these  obser- 
vations the  isogonic  curves  may  now  be  extended  as  far  east  as  the 
Mackenzie  Bay.  f 

There  may  be  other  observations  for  declination  taken  on  the  Yukon 
and  Porcupine  rivers  "en  route"  of  which  I  have  no  information. 

*Here  simplified. 

t  See  accompanying  isogonic  chart  of  Alaska  foi  1890^  second  edition  (iUastration 
Ko.  35),  containing  this  latest  information. 
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ON  THE  DIRECT  SYNTHETICAL  METHOD  OF  ADJUStiNO 

A  TEIANGULATION. 


By  CnAS.  H.  Kummkll,  Computing  Division,  U.  S.  Coast  and  Oeodetic  Survey. 

Submitted  for  publication  July  1, 1893. 


The  method  in  general  use  for  adyasting  a  triangulation  is  the  indi- 
rect one.  At  each  station  a  station  adjustment  is  made,  and  then,  in 
order  not  to  disturb  the  station  relations,  the  farther  corrections  to  the 
angles  are  expressed  in  the  form  of  a  difference  of  corrections  to  its 
two  directions;  and  the  rigorous  conditions  of  the  triangulation  being 
thus  expressed  and  multiplied  by  indeterminate  factors,  usually  called 
correlates,  are  then  added  to  the  minimum  function,  i.  e.,  the  weighted 
sum  of  squares  of  corrections  to  the  observed  directions,  before  the  con- 
ditions for  the  minimum  are  found  by  differentiation.  This  gives,  then, 
the  corrections  to  each  direction  in  terms  of  the  correlates,  and  by  sub- 
stituting these  into  the  rigorous  conditions  we  obtain  the  normal 
equations,  which,  being  solved,  give  the  numerical  values  of  the  corre- 
lates, and  thence  also  the  corrections  to  the  directions,  and  finally 
those  of  the  angles. 

There  are  two  principal  difficulties  in  the  application  of  this  method. 
One  of  these  is  the  correct  establishment  of  the  rigorous  conditions; 
the  inexperienced  computer  may  easily  omit  an  essential  condition  and 
use  one  instead  which  is  derivable  from  the  others.  Another  difficulty 
is  experienced  sometimes  by  the  presence  of  small  angles,  which  require 
an  extremely  precise  solution  of  the  normal  equations,  and  it  may  hap- 
pen, nevertheless,  that  the  conditions  are  not  as  exactly  fulfilled  as 
desired.  The  latter  difficulty  would  be  avoided  if,  instead  of  using 
correlates,  we  eliminate  as  many  corrections  as  there  are  rigorous  con- 
ditions, and  then  make  the  weighted  sum  of  the  squares  of  independ- 
ent and  dependent  corrections  a  minimum  in  the  usual  manner.  The 
normal  equations  thus  obtained  require  neither  such  precision  in  their 
formation  nor  in  their  solution,  because  they  fulfill  only  the  minimum 
condition.  But  it  has  the  difficulty  in  the  establishment  of  conditions 
in  common  with  the  indirect  method  and  a  new,  even  greater,  difficulty 
besides,  viz,  the  elimination  of  dependent  corrections  of  directions, 
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especially  firom  a  very  large  number  of  coaditious.  Tliis  method,  wbicli 
I  call  the  direct  analytical  method,  to  distinguish  it  from  a  method  free 
of  these  three  difficulties,  the  direct  synthetical,  is  given  in  some  books 
(see,  for  instance,  Jordan's  Handbuch  der  Yermessungskunde,  Vol  i, 
p.  115)  as  a  possible  method,  not  to  be  used  on  account  of  its  great 
complexity  for  a  great  number  of  conditions. 

The  direct  synthetical  method,  which  is  the  subject  of  this  pax>er,  lias 
an  object  similar  to  that  of  the  direct  analytical  method,  viz,  to  express 
the  corrections  to  the  dependent  angles  in  terms  of  those  to  the  inde- 
pendent ones;  but  it  does  that  without  establishing  the  conditions  in 
toto.  Whether  only  one  station  or  a  whole  triangulation  is  considered, 
or  a  number  of  new  points  joined  to  already  fixed  ones,  a  set  of  funda- 
mental angles  is  selected,  and  in  the  work  of  expressing  the  corrections 
to  the  dependent  or  supernumerary  angles  the  proper  conditions  for 
this  purpose  present  themselves.  A  condition  thus  used  needs  no  fur- 
ther consideration,  and  by  thus  removing  condition  after  condition  the 
work  takes  a  strictly  prescribed  course,  differing,  however,  more  or  less 
for  a  different  set  of  fundamental  angles.  Thus  we  avoid  completely 
the  danger  of  duplication  or  omission  of  conditions. 

As  to  the  number  of  normal  equations  to  be  solved,  either  mode  of 
the  direct  method  has  the  advantage  generally.  It  happen^  only  in 
undeveloped  figures  that  the  indirect  method  leads  to  fewer  normal 
equations;  for,  in  order  to  establish  n  points, 2  (n  —  2)  angles  are  suffi- 
cient, which  number  is  therefore  the  number  of  normal  equations 
required  by  either  mode  of  the  direct  methods  of  adjustment.*  If  the 
number  of  supernumerary  angles  is  <  2  (n  —  2)  there  will  be  fewer 
normal  equatigns  by  the  indirect  method;  but  then  the  triangulation 
will  also  be  weak.  If,  however,  every  possible  angle  is  measured  between 
n  points,  we  have  (n  —  2)*  normal  equations  to  solve  by  the  indirect 
method,  so  thai)  the  direct  method  becomes  the  more  advant^igeons  in 
this  respect,  the  more  perfect  tfie  triangulation  is.  It  wa=s  already 
stated  that  in  such  a  triangulation,  particularly  if  n  is  large,  the  work 
of  expressing  the  corrections  to  the  dependent  angles  in  terms  of  those 
to  independent  ones  is  considered  impracticable  by  the  direct  analyt- 
ical method.  This  may  be  so;  but  I  shall  now  show  that  by  the  syn- 
thetical direct  method  it  is  the  more  systematic  the  more  complete  the 

triangulation  is,  and  take  the  case  of  a  complete 
pentagon,  in  which  I  suppose  at  first  that  the 
angles  at  each  station  are  already  adjusted. 
Number  the  stations  1,  2,  3,  4,  5;  denote  the 
measured  angles  l«-„  I,.*,  1,5, 1,4,  I3.5,  l^.^,  2,.j,  etc., 
the  corresponding  adjusted  angles  by  [1„],  [ItJ, 
etc.  Each  of  these  angles  receives  a  correction, 
which  may  be  very  conveniently  expressed  as  the  difference  of  the  cor- 
rections  to  its  two  directions,  so  that  we  have  for  example  [3,-,]  =  3,^  -  3, 

•  In  case  n  points  are  joined  to  a  system  of  m  lixed  points,  then  there  are  2  n  equa- 
tions to  be  solved. 
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+  Sij  where  in  au  actual  uumerical  instance  3^^  is  the  measured  value 
in  arc  measure;  and  if  this  were  a  fundamental  angle,  then  this  would 
be  also  the  final  form  of  the  correction  to  be  used  in  the  formation  of 
the  normal  equations. 

I  shall  assume  here  the  angles  at  1  and  2  for  fundamental  angles; 
then  the  work  may  be  done  in  the  following  form : 

[I2.3]  =  lj.3  —  1,  -|-  I3 

[3,^]  =  3,,  +  I2  —  I3  +  23  —  2i  +  ^n-j 

[Ij.j]  =  1,.4  —  12  +  14 

[^i'l]  =  24.,  —  24  +  2i 

[4,,]  =  4.^  +  1,  -  1,  +  24  -  2t  +  Ar, 

These  two  triangles  are  contained  in  the  quadrilateral  1.  2.  3.  4,  and 
have  each  two  fundamental  angles,  so  that  the  corrections  to  the  third 
angles,  3t^,  4i.2,  are  easily  expressed  in  terms  of  fundamental  angles  by 
closing  these  triangles,  and  the  uumerical  quantities  ^i^^j  Ji^.4  are  the 
deficiencies  of  the  measured  angles  3*  *,  4,.,.  The  remaining  two  tri- 
angles, 1. 3. 4  and  2. 3. 4,  have  each  only  one  fundamental  angle;  and  we 
may  now  proceed  in  four  different  ways,  according  as  we  express  the 
corrections  to  the  remaining  angles  in  terms  of  those  of  the  funda- 
mental angles  and  of  the  angles  341  or  4i.3  or  3^^  or  4,,.  In  the  first  case 
we  have, 

[I3.4]    ==    1,4   -    I3   +    I4 
1*^4  I  ]    =   3*1  34   +   3] 

[4,,]  =  4j.3  +  I3  -.  1,  +  34  -  3,  +  Ji,., 

[23.4]  =  2j.4  —  23  +  24 

[^4^1  .=  34^  +  I2  —  I3  +  23  —  2i  —  34  +  3i  +  ^m 

[4,,J  =  4,.3  -  1,  +  1,  -  24  +  2,  +  34  -.  3]  +  J,^,  -  J,^., 

It  remains  now  to  express  also  the  correction  to  34.1  by  corrections  to 
liindamental  angles.  For  this  purpose  we  form  any  one  of  the  four 
side  equations,  preferably*  that  at  pole  4,  viz: 

sin  [24.,]  sin  [34, 

shr[l74]      '      sin~[23.4; 

We  have,  then,  using  above  forms  and  denoting  the  changes  for  1"  of 
the  logarithmic  sines  in  terms  of  the  seventh  decimal  place,  by  phicing 
d  before  the  angle : 

log  sin  [13.4]  =      log  sin  I3.4  —  ^13.4  (I3  - 14) 

—  log  sin  |34 ,]  =  —  log  sin  34.,  +  ^34.,  (34  —  3,) 

log  sin  [24.,]  =      log  sin  24.,  —  62^,^  (2*  —  2i) 

*  Tboagh  theoretically  indifferent,  it  is  better  as  pointed  out  by  Mr.  Doolittle  to 
ohooBB  the  pole  opposite  the  smallest  angles. 


^  ^  sin  [1,4^ 
sin  [34./ 
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log  sin  [1,  J 
log  sin  [84^] 
log  sin  [2,^] 


log  sin  1,-4  +  dl,^  (1,  - 14) 

log  sin  (84,  +  J,,^)  +  <J34,  (1,  - 13  +  23  -  2i  ~  84  +  30 

log  sin  2,^  +  ^52,^  (23  -  24) 


0  =  4,„  +  {61,^  +.63,^)  1,  ~  {dU,  +  <y34,)  I3  +  {<51«  -  <n«)l4 
+  (62,.,  ~  63,;)  2i  +  (<J2,.4  +  dS,^) 23 -  (<524.|  +62^2, 
+  (^84.1-^84^)  (84-81) 

where  4i,^  denotes  the  small  discrepancy  of  the  side  equation  in  terms 
of  the  seventh  decimal  place.  Dividing  by  63,.i  —  684^  and  transpos- 
ing we  obtain  the  required  correction  to  84^,  but  it  is  unnecessary  to  do 
this  analytically^  since  it  wonld  be  more  compact  in  a  numerical 
instance.  Having  obtained  this  correction,  those  of  84^  4|^  4^,  easily 
follow. 

We  take  now  the  quadrilateral  1.  2. 8.  5,  and  we  need  only  to  go 
through  three  of  its  triangles,  thus: 


[6.-.] 
[2.,] 

[3m] 
[5.J 

[2«] 
[3«] 
[S"l 


1„  -  1,  +  1, 

5„  +  1«  -  1,  +  2, 

2i,  —  2|  -{-  2t 


Iw  -  I3  +  1. 


-2i  +  A 


i-s-» 


84.1  —  85-1-81 

^it  +  I3  —  I5  +  85  —  3i  +  Ji^^ 
23.4  —  23  -4'  2$ 

851  -f-  If  —  I3  +  23  —  2i  —  85  +  3i  4-  ^i-ri 

5,.,  ^  I3  +  I3  -  25  +  2i  +  85  -  81  +  ^,^.4  +  -^i« 


sm 

[1»] 

*~  sin 

[2,J 

Sin 

[3"] 

sm 

iU 

We  have  now  to  express  the  correction  to  84.,  by  means  of  a^ide 
equation,  and  we  take  that  at  pole  5  as  most  convenient,  viz: 

sm  [2^5] 
sin  [8^4 

Using  the  forms  already  given,  we  have 

log  sin  [1,,  ]  =  log  sin  I4,  -  61^^  (I5  - 13) 
-logsin[2,  J  =  -  logsin2,.5  +  <J2i^(2,  -25) 

log  sin  [8».j]  =  log  sip  S^i  -  63,.,  (85  -  81) 
- logsin [1, J  =  - logsinl,^  +  ^1,5(13 - 15)    * 

log8in[23  J  =  log8in2,-,  -  <y2,^(23  -  25) 
-logsin[3„]  =  -logsin(3„  +  J„,)-(J85.,(l3-l2  +  23-2,-35  +  3,) 

0  =  5,„  +  (dl^  -  63,^)  I3  +  (6U-,  +  tf8„)  I3  -  (dls^  + 1^1,*)  1* 
+  (<y2,.4+  (y8„)2,  -  (<J2„  +  tf34,)2,~  (d2,..-<y2,^)2, 
«((J34,~tf3„)  (85-81) 

This  gives,  then,  the  correction  to  841,  and  thence  those  to  3,^  5,^ 
and  5,^ 
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Passing  now  to  the  quadrilateral  1.  2.  4.  5,  we  need  only  go  through 
two  of  its  triangles,  thus: 

[1,  J  =  1,^  ~  I4  +  I5 

[4,]  =  4,,  -  45  +  4i 

[5,4]  =  5i  4  +  I4  —  I5  +  45  —  4i  +  Ji^^ 

[2,^]  =c  2.^  -24  +  25 

[4,,]  =  4,,  +  1,  -  1,  +  24  -  2i  -  4,  +  4,  +  J,,^ 

[5,.J  =  6,.,  -  1,  +  1,  -  25  +  2i  +  45  -  4i  +  Ji..,  +  Ji^* 

and  to  express  the  correction  to  4(1  we  use  the  side  equation 


1  —  ®^° 


2.. 


sin 
sin 


45.1]  sin 


I4J  sin 


sm 
which  being  computed,  gives: 

log  sin  [I5,  ]  =     log  sin  I5,  —  61,^  (I5  — 12) 

-  logsin  [2,.,]  =  -  logsin2,.,  +  62,^{2,  -  25) 
log  sin  [45.,]  =     log  sin  45.,  -  d^^  (45  -  40 

-  log  sin  [I4  J  =  -  log  sin  l^.,  +  61^  ^  (U  -  U) 
logsin[2,J=     log  sin  2,^ -.<y2,-,  (24 -25) 

--log8in[4,,]=--logsin(45,  +  A-.4)-<^^v«(^»-^*  +  24-2|-45  +  4i) 

0  =  5,,.,  +  (6U^  -  64,^)  U  +  (#14  a  +  <y4„)  I4  -  (dl„  +  61,^)  I5 
+  (62,.,  +  64,^) 2i  -  {62,^  +  <y4„) 24  -  (<J2,.,~  62,.,) 2, 
-(<y4,,-tf4„)(45-4a) 

and  thus  we  obtain  the  correction  to  45.1,  and  then  to  42^,,  d^.^^  5,^. 

There  is  now  one  more  triangle,  3. 4. 5,  which  is  outside  the  base  1. 2. 
Its  angles  are  expressed  by  means  of  station  relations,  thus: 

[34*]  ^  34.5  —  34  +  35 

[4»,]  =  4„  +  I3  -.  1,  +  34  -  3i  -  45  +  4i  +  Ji^^ 

[53.4]  =  6,.4  —  I3  +  I4  —  35  +  3i  +  45  — 4i  +  J,.4ii  —  ii,,^ 

and  these  are  readily  expressed  in  terms  of  fundamental  angles  alone. 

After  having  performed  the  eliminations  as  indicated,  and  which  are 
far  more  simple  in  a  numerical  instance,  we  have  the  corrections  to 
each  angle  in  the  figure  in  terms  of  the  symbols  I2,  I3,  I4,  I5, 2i,  23,  24;  25, 
apparently  eight  independent  quantities,  but  in  reality  six,  since  only 
their  differences  have  an  absolute  value;  and  to  reduce  the  problem  to 
its  essential  form  we  may  put,  for  instance,  I3  =  2i  =  0,  but  it  is  advan- 
tageous for  checking  the  formation  and  solution  of  the  normal  equations 
to  retain  them. 

Since  we  have  supposed  for  the  present  that  at  each  of  the  stations 
a  local  adjustment  has  been  made,  we  must  derive  the  weights  of  each 
angle  from  that  previous  work.  The  attentive  reader  will  observe, 
however,  that  the  process,  just  shown  for  the  complete  pentagon,  to 
express  the  angle  corrections  in  terms  of  those  of  fundamental  angles, 
may  be  applied  just  as  well  to  the  unadjusted  station  angles,  so  that  it 
is  not  at  all  necessary  to  make  a  separate  station  adjustment.    The 
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details  of  the  Tvork,  if  no  statiou  adjustment  is  made,  I  reserve  for  a 
future  paper. 

There  is  no  difficulty  whatever  of  applying  the  process  to  a  greater 
number  of  points 5  for  we  have  seen  that  the  work  on  the  quadri- 
laterals 1.  2.  3.  4;  1.  2.  3.  5;  1.  2.  4.  5,  far  from  interfering  with  each 
other  had,  on  the  contrary,  parts  in  common.  For  a  sixth  point  we 
should  go  through  the  additional  quadrilaterals  1.  2.  3.  6;  1.2.4.6; 
1.  2.  5.  6.  in  the  same  manner.  Then  there  will  be  three  new  extra 
base  triangles  3.  4.  6;  3.  6.  6;  4.  6.  6,  which  are  filled  out  by  regarding 
station  relations  only.  If  some  directions  have  been  observed  but 
one  way,  this  makes  no  difference  in  the  process,  except  that  angles 
not  observed  are  not  expressed,  provided  there  are  at  least  two  stations 
which  see  all  the  other  stations;  tor  we  can  then  use  the  angles  at  these 
stations  as  fundamental  angles.  If,  however,  this  condition  is  not  ful- 
filled, we  can  not  find  the  required  number  of  fundamental  angles  at 
any  two  stations,  and  it  may  thus  be  necessary  to  select  them  at  three 
or  more  points.  It  seems  preferable  (though  for  lack  of  experience  this 
may  be  subject  to  future  modifications)  to  select  these  angles  so  that 
all  measured  angles  at  the  stations  make  up  the  required  number.  If 
directions  are  entirely  wanting,  the  process  requires  some  modification, 
particularly  as  to  the  form  of  side  equations,  which  then  often  involve 
more  than  four  points.  I  select  a  somewhat  typical  case  in  applying 
the  process  to  the  following  polygon: 


Here  we  take  the  angles  at  1,  2,  3,  4  for  fundamental  angles  (a  good 
selection  would  also  be  the  angles  at  1,  6,  4),  and  the  work  proceeds  as 
follows : 

\h^]  =  1. 6  -  I2  +  l6  [2,.e]  =  23«  -  2,  +  2« 

[2e,]  =  2,,  -  2«  +  2i  [3e,]  =  3e^  -  3^  +  3* 

[6m]  =  6,-,  +  12—  le  +  26  -  2,         [6„]  =  6,-3  +  ^3  -  2^  +  35  -  :^ 

[34.]  =  3,^  -  S,  +  36  [45,]  =  4,^  -  4,  +  4« 

[*«•.]  =  4„  _  4«  +  43  [5,.,]  =  6^.,  _  5«  +  04 

[6,4]  =  0,.,  _  84  -  36  +  4«  -  43        [64.,]  =  6,.,  +  45  -  46  4-  5s  -  5, 

[l.J  =  1...  -  Is  +  I5 

f6».]  =  6..  —  I2  +  le  -  23  +  2,  -  84  +  3,  -  4s  +  43  -  Sg  +  54  -  J,„ 

-^2-3"«  *-'3-4<  ^4-fi-6 

[r»,^J  =  5.^  +  1,  _  1^  +  2,  -  2,  +  84  -  3.  +  4,  -  4,  +  5.  -  5.  +  J,„ 
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The  correction  to  the  uon-fundamental  angle  56.4  is  now^  to  be  elimi- 
nated from  these  forms  by  means  of  the  side  equation, 


1  = 


sin 


1«] 


sin  [28-,] 


sin  [2,.,J 
sin  [3e,] 


8in_ 
sin 


3, 


4*, 


sin_[45^ 
sin  [Se^^ 


siii^[5,< 
sin  [i;^ 


in  which  we  have  to  use  the  forms  just  given.  The  expression  for  the 
required  correction  of  S^.^  is  then  easily  obtained  in  the  manner,  shown. 
The  forms  for  the  corrections  of  64.5,  65.,,  5,.^  then  follow,  and  all  angles 
that  form  triangles  have  then  their  corrections  expressed  in  terms  of 
those  to  the  fundamental  angles  at  1,  2,  3,  4.  The  expressions  for  cor- 
rections of  angles  that  do  not  form  triangles,  such  as  1,5,  6,^,  etc.,  are 
easily  formed.  In  the  minimum  sum  of  squares  of  corrections  we  may 
either  exclude  or  include  these  latter,  and  there  will  always  be  some- 
thi9g.  arbitrary  unless  we  use  angles  not  locally  adjusted.  In  that  case 
we  know  not  only  which  angles  are  measured,  but  also  their  precise 
weight,  and  everything  arbitrary  disappears.  However,  for  sec- 
ondary triangulations  such  questions  have  very  little  importance,  and 
it  would  hardly  be  objected  to  by  anyone  to  include  in  the  minimum 
sum  of  squares  only  the  corrections  of  angles  which  form  triangles.  It 
is  easily  seen  that  by  using  this  principle  we  shall  have  for  a  single 
chain  of  triangles  without  any  diagonals  the  old  common-sense  method, 
viz,  to  distribute  the  closing  error  equally.  These  questions,  however, 
form  no  part  of  my  method,  whose  object  is  simply  to  obtain  expres- 
sions for  the  corrections  gf  angles  in  terms  of  those  of  the  fundamental 
angles. 

A  problem  of  great  imix)rtance  and  frequent  occurrence  is  to  join 
one  or  more  new  stations  to  a  system  of  points  already  fixed.  Since  n 
new  i)oints  are  established  by  2  n  angles,  we  can  express  the  correction 
of  every  measured  angle  in  terms  of  the  corrections  to  2  w  fundamental 
angles,  and  thus  we  have  to  form  and  solve  2  n  normal  equations,  what- 
ever may  be  the  number  of  fixed  points.  In  this  case  the  direct 
synthetical  method  leads  to  a  certain  number  of  normal  equations  for 
any  number  of  fixed  points,  while  for  the  indirect  method  the  number 
of  normal  equations  increases  with  that  number. 


{ 
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For  a  uumericjal  example  I  shall  adjust  the  following  figure,  in  which 
the  new  stations  Two  Bock  and  Paxton  are  joined  to  the  rigid  system 
Cahto,  Sanhedrin,  Cold  Spring,  Great  Caspar: 


Great  Caapctr. 


I  SanKed>nf^ 


The  following  tables  give  the  station  adjusted  directions  between 
these  stations: 


Observed. 

1 

Adjusted. 

1 

1 

Observed, 

1 
Adjusted. 

CAHTO  (3). 

GREAT  CASPAR  (2). 

0   /      // 

''    i 

1 

0    /      // 

f 

King  Peak. 

OOOOO'OOO 

00-00 

1  King  Peak. 

00000-000 

00-00 

Sanhedrin. 

1555624824 

235 « 

Cahto. 

381805-97 

07-79 

Two  Rock. 

203  52  30-678 

Sanhedrin. 

90  43  4S79 

4630 

Cold  Spring. 

2174628-975 

2753 

Two  Rock. 

105  10  31-91 

Great  Caspar. 

239  10  40- 137 

38-90  ' 

Paxton. 

143  35  4242 

' 

Cold  Spring. 

174  580310 

04-53 

SANHEDRIN  (l). 

1 
1 

COLD  SPRING  (4). 

Reference  Mark. 

00000000 

oo-oo 

Paxton. 

735403121 

Great  Caspar. 

00000*000 

oooo 

Cold  Spring. 

8401 14479 

14-51 

Two  Rock. 

35  40  2772 

Two  Rock. 

1 10  28  13-942 

Sanhedrin. 

59  27  06-62 

0732 

Great  Caspar. 

1201954-734 

5463 

Paxton. 

805804-52 

Cahto. 

1644004-538 

0536 

Cahto. 

2155 

54  <H 

TWO  ROCK  (5). 

1 

PAXTON  (6). 

1 

* 

■V 

Paxton. 

OOOOO'OOO 

Sanel  Mt. 

00000*000 

Cold  Spring. 

344I5I04I 

Cold  Spring. 

77  06  4860 

Great  Caspar. 

109  13  52-678 

Great  Caspar. 

144  46  24-62 

Cahto. 

1870320-732 

Two  Rock. 

17707  21 -08 

Sanhedrin. 

264  55  28-589 

Sanhedrin. 

225  2840*16 

i 
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Assuming  the  angles  at  Sanhedrin  1,  and  Great  Caspar  2,  as  fanda- 
mental,  we  have  going  through  the  quadrilateral  1.  2.  3.  5  the  follow- 
ing work: 

O  /  //  O  f  ff 

1„]  «  44  20  10-73  [1,,]  =      9  51  40-69  -  I5 

2,.,]  =  52  25  38-51  [5, ,]  =  155  41  35-91  +  1^  +  2,  --  l."35 

[3,^1  =  83  14  15-39  [2,.,]  =    14  26  45-61  +  2^ 

Excess  =  4-63  Sum  =  2-21 

Excess  =  0-86 

O         I  ft  o         t  II 

[1„]  =  54 11 51-42  -  I5  f2„]  =  66  52  24-12  +  % 

[5,,]  =  77  62  07-86  +  I5  -  35  -  3-"20  [3„]  =  35 18  08-22  -  35 
[3,^]  =  47  56  07-17  +  3$  [5„]  =  77  49  28-05  -  25  +  35  +  l-"86 

Sum  ==  6-45  Sum  =  0-39 

Excess  =  3-25  Excess  =  2-24 

We  now  take  the  side  equation  at  i)ole  5  and  in  logarithms  we  have 

logsin[l„J=      9-9090420-    15  (I5) 

-  log  sin  [3,./]  =  -  9-8706315  -    19  (35) 
logsin[2i^]=      9-3970140+    82(25) 

-  log  sin  f  l5^]  =  -  9-2336653  +  121  (I5) 
log8in[3„]=      9-7618453-    30(85) 

-  log  sin  [23-,]  =  -  9-9636174  —     9  (25) 

0=  -129  +  106  (I5)  +  73  (2,)  -  49  (3*) 

35  =       2-163  ( I5)  +  1-490  (25)  -  2-633  =  t?  3,^  =  -  t?  85^ 

V  5, ,  =  -  1-163  (I5)  -  1-490  (25)  -  0-667 

V  5„  =      2-163  (I5)  +  0-490  (25)  -  0-783 

We  next  go  through  the  quadrilateral  1.  2.  4.  5: 

O         I  II  O  I  II 

[1,,] :-  36  18  40-12  [1,4]  =  26  26  59-43  +  I5 
[4,.,]  =  59  27  07-32  \^^.\  =  23  46  39-60  -  45 
[2,4]  =  84  14  18-23         [61.4]  =  129  46  22-45  -  I5  +  4^  +  1-11 

Excess  =  6-67  Sum  =  1-48 

Excess  =  2-59 

o        /  // 

[2^.4]  =  69  47  32-62  -  25 

[64  J  =  74  32  01-64  +  25  -  45  +  0-24 

[4,.,]  =  35  40  27-72  +  45 


Sum  =  1-98 
Excess  =  2-22 
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I 

To  express  the  correction  4$  we  use  the  side  equation  at  pole  5: 

log  sin  [I5  J  =      9-2336653  -  121  (I5) 

-  log  sin  [2,4  =  -  9-3970140  -    82  (25) 
log  sin  [4 J.  =      9-6065083-   48(45) 

-  log  sin  [1,^]  =  -  9-64^7641  -    42  (I5)  • 
log  sin  [2,.J  =      9-9724099  -      8  (25) 

-  log  sin  [4„]  =  -  9-7658011  -    29  (45) 

0    =  +43-163  (I5)  -  90(25)  -  77(4,) 

%•  (45)  =  t?4^,  =  -  vKi  =  -  2-117  (Is)  -  1-170  (25)  +  0-558 

v5y,  =  -  3-117  (I5)  -  1-170  (25)  +  1-668 
v5,^  =  +  2-117  (J5)  +  2-170  (25)  -  0-318 

The  corrections  to  the  extra  base  angles  in  triangle  3.  4.  5  are  now 
easily  expressed: 

o  /  // 

[3^  J  =    13  53  66-86  -  3, 

[64,]  =  152  21  29-69  +  35  -  4,  +  2-09 

[4, .]  =    13  44  33-08  +  45 

.-.  v3,.,  =^  -  2-163  (I5)  -  1-400  (25)  +  2-633 
t?5,.3  =  +  4-280  (I5)  +  2-660  (25)  -  1-101 
i?4,.5  =  -  2-117  (I5)  -  1-170  (25)  +  0-558 

The  work  done  so  far  relates  only  to  the  introduction  of  station  Two 
Bock,  5,  into  the  rigid  system  and  involves  only  the  two  unknowns  I5, 
25,  and  thus  we  accomplish  this  by  only  two  normal  equations,  while 
the  indirect  method  requires  six. 

Introducing  station  Paxton  6,  the  work  proceeds  as  follows: 

[le^]  =  46  25  51-51  -  1« 

[6,  J  =  80  42  15-54  +  1^  -  2e  +  1-08 

[2i  J  =  52  51  56-12  +  2^ 


Sum  =  3-17 

Excess  =  4.85 

o      /  // 

[2«.,]  =  31  22  22-11  -  2e 

[64,]  =  67  39  3602  +  25  -  4^  -  0-47 

[4i.J  =  80  58  04-52  +  4, 


Sum  =  2-65 
Excess  =  218 

{I..4]  =    10  07  11-39  -  1b 

[6„]  =  148  21  51-56  +  1^  _  4«  +  1-21 

[4i,l  =   21  30  67-20  +  4, 


REPORT  FOR  1892 — ^PART  H.  545 

On  the  direct  synthetical  method  of  adjusting  a  triangulation. 
The  side  equation  at  pole  6  is: 

log8m[l„]=      9-8606651-    20  (1«) 

—  log  sin  [2i  J  =  -  9-9015790  -    16  (26) 
logsin[4iJ=      9-5643811+    53  (4«) 

—  log  sin  [1,./]  =  -  9-2447914  +  118  (1«) 
log  bin  [2^4]=       9-7165078-   34(26) 

—  log  sin  [4^e]  =  -  9-9945814  -  .  5  (4^) 

0    =  +22+    98  (l6)  -  50  (26)  +  48  (4«) 

A  4.  =  r4i^  =  »4i^  =  -  2-042  (l6)  +  1-042  (26)  -  0-458 

f?6«  =      2042  (Ic)  -  0-042  (26)  -  0-012 
vQ,.,  =      3-042  (Ifi)  -  1-042  (26)  +  J  -668 

o      /  // 

[1^-,^  =  36  34  10-82  -  Ifi  +  I5 

[651]  =  48  21  19-08  +  l6  -  I5  +  5x  -  56  +  1-11 

[5„]  =  95  94  31-41  -  5i  +  56 

Sum  =  1-31 
Excess  =  2-42 

o  /  // 

[2»  J  =   38  25  10-51  -25  +  26 

[5eJ  =  109  13  52-68  -  I5  +  25  +  5x  -  56  +  1-35 

[6,  J  =   32  20  56-46  +  I5  -  26  -  5i  +  5.  +  0-57 

Sum  =  59-65 
Excess  =   1-57 

The  side  equation  at  pole  6  is: 

log  sin  [l^J  =      9-7751005  -  28  (1.  -  I5) 

-  log  sin  [5ie]  =  -  9-9982938  +    2  (5^  -  50 
log  sin  [2^^]  =      9-9015790  +  16  (2.) 

-  log  sin  [1,  J  =  -  9-8600651  +  20  (1^) 
logsin[5„]=      9-9750613-    8(- I5  +  2,  — 5,  +  S.) 

-  log  sin  [2,^]  =  -  9-7933821  +  27  (2,  -  2«) 

0    =-2  +  36(l,)^8(le)  +  19  (2,]t  -  11  (2e)  +  10  (5.  -  5,) 

.-.  5.  -  5i  =  1?  5i^  =  -  3-60  (1,)  +  0-80  (1.)  -  1-90  (2^)  +  1-10  (2.)  +  0-20 

V  5,.,  =  +  2-60  (la)  -  0-80  (1«)  +  2-90  (2,)  -  1-10  (2.)  +  1-15 

V  65.1  =  +  2-60  (1,)  +  0-20  (1,)  +  1-90  (2,)  -  1-10  (2,)  +  0-91 
1^  6„  =  -  2-60  (I4)  +  0-80  (le)  +  1-90  (2^)  +  0-10  (2,)  +  0-77 

There  remains  now  the  extra  base  triangle  4.5.6  to  be  gone  through, 
the  expressions  for  the  corrections  of  its  angles  being  obtained  by 
station  relations  only.    We  have  then 

8.  £z.  37-35 
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// 


[4,,1  =  [4,  J  -  [4.  J 
[64.1  =  [6,,]  +  [6..J 


:^  45  17  36-80  +  2-117  (I5)  +  1-170  (2,)  -  2-042  (1^) 

+  1-042  (2.)  -  1-016 
:    34  41  51-04  +  0-483  (I5)  +  0-730  (2,)  -  0-800  (1,) 

-  1-100  (2,)  +  1-468 
:  100  00  32-48  -  2-600  (1,)  -  1-900  (2,)  +  2-842  (1.) 

+  0-058  (2e)  +  0-758 

Sum    =  0-32 
Excess    =  1-53 

We  now  form  the  following  table  of  observation  equations,  giving 
weight  1  to  all  angles  with  one  new  direction  and  weight  0-5  to  those 
with  two  new  directions. 


p 

V 

If 

»• 

u 

H 

'.-. 

— I 

'.1 

—  I 

>4. 

+  1 

2v. 

+1 

2l-. 

+1 

2»« 

— I 

Ji-. 

+2163 

+1-490 

• 

—2.633 

3»-4 

—2- 1 63 

—1-490 

+2633 

3ii 

—2-163 

—1-490 

+2*633 

4.1 

+  2-II7 

4-I-I70 

--0-558 

4..» 

—2-117 

—1-170 

+05S8 

4v» 

— 2-117 

— I-I70 

+0-558 

05 

S*t 

+2-117 

+2-170 

—0-318 

05 

5«. 

4-4-280 

-f2-66o 

—  l-IOI 

05 

5l-4 

— 3"7 

— I-I70 

+1-668 

OS 

5.> 

-I-2-163 

+0-490 

-0-783 

05 

Sfi 

'     +1 

— I 

—1-35 

05 

5i.i 

—1163 

—1-490 

—0-567 

I 

'•• 

—I 

I 

'••4 

— I 

OS 

'•ft 

+1 

—I 

I 

2r, 

+1 

I 

2,4 

— I 

05 

26., 

— I 

+1 

05 

4».« 

+2117 

+  1-170 

— 2-042 

+1-042 

— 1-016 

I 

4i.« 

— 2-042 

+1-042 

—0-458 

I 

4... 

— 2-042 

+1*042 

—0-458 

0-5 

5i.. 

—3-600 

— 1-900 

+0-800 

+i*ioo 

+0-200 

05 

5.. 

4-2-600 

+2-900 

— 0800 

— I-IOO 

+1-150 

05 

5«-4 

+0-483 

+0-730 

— 0-800 

— i-ioo 

+1-468 

o-s 

6,., 

+1 

—I 

+1-68 

OS 

6,, 

+3042 

—1-042 

+1-668 

OS 

6»., 

-|-2'60O 

+1-900 

+0-200 

— I'lOO 

+0-910 

OS 

64., 

+2-042 

— 0-042 

^o-oia 

05 

6... 

— 2-6oo 

— 1-900 

+0*800 

+0-I00 

+0-770 

OS 

64.. 

— 2-6oo 

— 1-900 

+2-842 

+0*058 

+0-758 

Combining  the  first  eighteen  of  these  equations  we  obtain 

0  =  50-22  (1,)  +  27-82  (2,)  -  27-08 
0  =  27-82  (I5)  +  22-07  {2j)  — 15-67 
whence 

(1,)  =  +  0-49 
(2,^  =r  +  0-09 
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On  the  direct  synthetical  method  of  adjusting  a  triangulation. 

If  we  intended  to  join  only  the  new  point  Two  Bock  5  to  the  rigid 
system  1.2.3.4,  disregarding  for  the  present  Paxton  6,  these  corrections 
being  applied  effect  this,  and  from  triangle  1.2.5  we  can  compute  at 
once  geographical  positions  consistent  with  every  point  except  Paxton 
6;  and  the  filling  oat  of  the  other  triangles  is  not  necessary  except  for 
checking  or  for  an  estimate  of  accuracy.  Including,  however,  Paxton 
6,  we  have  the  normal  equations 

0  =  73-08  (I5)  +  43-84  (2^)  - '  9-80  (1,)  -  4-22  (2^)  -  27-47 
0  =  43-84  (1,)  +  34-92  (2.)  -  6-67  (le)  -  4-13  (2,)  -  14-73 
0  =  -  9-80  (I5)  -  .6-67  (2,)  +  25-13  (1«)  -  6-53  (2«)  +  7-26 
0  =  -  4-22  (I5)  -    4-13  (2,)  -    6-53  (1,)  +  8-68  (2,)  -    4-97 

Solving  we  obtain 

(10^+0-46;     (le)  =  +0.10 
(2,)  =  -0-03;     (2e)  =  +  0-85 

These  corrections  being  applied  will  completely  establish  the  two 
new  points  consistent  with  the  rigid  system,  and  it  is  not  necessary, 
except  for  checking  and  an  estimate  of  precision,  to  compute  the  other 
corrections.    This  will,  however,  be  done,  and  these  are  the  results: 


m§ 

4-0-46 

—  o'oi 

-f-o'io 

+0-85 

Correc- 

W 

=  (1.) 

=  (»•) 

=  (»•) 

tions. 

I.. 

— 0-46 

—  —0-46 

».i 

—0-46 

=  — 0-46 

'4. 

+0-46 

_  -f  0-46 

2,. 

—0^3 

003 

2.-. 

—003 

—003 

• 

2»-4 

+003 

-  4-003 

3i» 

-I-0-99 

— 0-04 

—2-63 

=  — 1-68 

3.4 

—0-99 

4-004 

+263 

=  4-1-68 

3»-, 

-099 

4-0-04 

-f2-63 

=  4-1-68 

4.-, 

+098 

— 004 

— 056 

-  4-038 

4,.» 

—0-98 

4-004 

+056 

=  —0-38 

4.. 

—0-98 

4-004 

4-056 

—  —0-38 

54, 

4-0-98 

— 0-07 

—0-32 

=  -f-o-59 

5«.. 

4-1-97 

—0-08 

— I-IO 

—  -f-o-79 

5l-4 

_i-44 

+004 

+1-67 

—  -ho-27 

5,1 

4-0-99 

— o-oi 

—0-78 

_4-o-2o 

5ti 

4-0.46 

4-003 

— 1-35 

=  -^-86 

5.1 

— 053 

4-0-04 

-0-57 

=  — 1-06 

'••, 

— 0.10 

=■ — o-io 

^•4 

— O'lO 

=  — O-IO 

+046 

— o-io 

—  -f  0-36 

2r« 

+0-85 

-  -i-o.8s 

2.4 

—0-85 

—  —0-85 

2.-« 

+003 

-fo-85 

—  -fo-88 

4»-« 

+0-98 

—0-04 

— 0-20 

+0-88 

— I -02 

=  -fo-6o 

4r« 

— 0-20 

4-0-88 

-^-46 

—  -f  0-22 

4,-« 

— 0'20 

-fo-88 

— 0-46 

_  -f-O-22 

5i.. 

1-66 

-fo-o6 

+008 

-fo-94 

-j-0-20 

=  -038 

5., 

-f-I*20 

— 0-09 

— o-o8 

— 0-94 

4-1-15 

=  +I-24 

5.4 

-fO*22 

^-0'02 

—008 

— 094 

+  1-47 

—  4-0-65 

6,.  J 

-j-o-io 

—0-85 

+  1-68 

—  -f  0-93 

641 

4-0-30 

—0-88 

-f-i-67 

_  4-109 

6,., 

+  I-20 

— 0-06 

-I-0-02 

—0-94 

4-0-91 

=  4-113 

64., 

-fO-20 

-—003 

— o-oi 

=  4-016 

6... 

—1*20 

-fo-o6 

-fo-oS 

4-0-09 

+0-77 

=  — 020 

1      64., 

— 1'20 

-I-O-06 

-I-0-29 

^      4-ooS 

I      -Vo-\^  \^ — — ^'^^ 

\ 
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Applying  these  corrections  and  computing  the  triangles  we  have 


No. 

Stations. 

A 
No. 

I 
a 
3 

Observed 
angles. 

Correc- 
tion. 

Spher*! 
angles. 

Spherl 
excess. 

Plane 

angles. 

Loga- 
rithms. 

1 

Great  Caspar  to  Cahto. 
Sanhedrin. 
Great  Casper. 
Cahto. 

Sanhedrin  to  Cahto. 

Great  Caspar. 

44  ao  10-73 
5a  as  38  5 X 
83  »4  >5  39 

• 

1*54 
«'54 

44  »  09«9 
5»  »5  36*97 
83  «4  «3«4 

4*604548 

0*155606 

9*89904« 
999696! 

4*659198 

4'Arm 

463 

463 

• 

Great  Caspar  to  Sanhedrin. 
Cold  Spring. 
Great  Caspar. 
Sanhedrin. 

Cold  Spring  to  Sanhedrin. 

Great  Caspar. 

4 

9 
X 

59  ar  07.3a 
84  X4  1833 
36  x8  40' la 

x-89 
x-89 

59  "7  05*43 
84  14  x6-34 
36  x8  38*99 

0*064896 
9*997800 

9*77»44i 

4*8x9819 
4594460 

5«7 

S-67 

3 

Great  Caspar  to  Cahto. 
Cold  Spring. 
Great  Caspar. 
Cahto. 

Cold  Spring  to  Cahto. 

Great  Caspar. 

4 
a 

3 

ax  SS  5464 

136  39  5674 
ax  a4  11  37 

0*9a 
o'9x 
o'9a 

a«  SS  53*7« 

«36  39  5583 

ax  94  xo'45 

4-604548 

O4»77»o 
91836484 
9*56aaoa 

486874a 
4594460 

375 

••75 

4 

Cahto  to  Sanhedrin. 
Cold  Spring. 
Cahto. 
Sanhedrin. 

Cold  Spring  to  Sanhedrin. 
Cahto. 

4 

3 

I 

• 

«7  3X  xa-68 
6x  50  04'oa 
80  38  5085 

s'Sa 

a'Sa 
••51 

37  3X  io*x6 
6x  50  ox'so 
80  38  48  34 

4-6S9»96 
e'915360 

9*94Sa63 
9-994x87 

4*8198x9 
4*868743 

7*55 

755 

5 

Great  Caspar  to  Sanhedrin. 
Two  Rock. 
Great  Caspar. 
Sanhedrin. 

Two  Rock  to  Sanhedrin. 

Great  Caspar. 

5 

a 
1 

«55  4*  35'9« 

X4  a6  45'6x 

9  5X  4069 

-o'86 

— 00| 

— 046 

3SOS 
4558 
4093 

0-98 
0-99 

0-99 

tSS  4;  34*77 
14  96  45  99 

9  S«  39*94 

4*757»a3 
0385497 
939701I 
9933656 

4*^0976 

a'ax 

o-ft$ 

6 

Cahto  to  Sanhedrin. 
Two  Rock. 
Cahto. 
Sanhedrin. 

Two  Rock  to  Sanhedrin. 
Cahto. 

S 
3 

X 

77  5^  0786 
47  56  07- X7 
54  "  51  "43 

-xc6 
-x-68 
— o"46 

06-80 

.0549 

so  96 

;'3 
1-08 

77  S«  05-7X 
47  56  04  41 
54  XI  49*88 

4.659196 

9909040 

• 

4*S3863» 
4578045 

6-45 

3'«S 

7 

Great  Caspar  to  Cahto. 
Two  Rock. 
Great  Caspar. 
Cahto. 

Two  Rock  to  Cahto. 

Great  Caspar. 

5 

a 

3 

77  49  »8o5 
66  5a  94' xa 
35  x8  o8'aa 

-H>ao 
—0*03 
+X-68 

98-as 
a4  09 
0990 

074 

075 
075 

77  49  a7.5« 
^  5«  a3'34 
35  »8  09"  «S 

0*009881 

9-963617 
9.76x848 

4578046 
4"376a77 

039 

«-a4 

8 

Sanhedrin  to  Cold  Spring. 
Two  Rock. 
Sanhedrin. 
Cold  Spring. 

Two  Rock  to  Cold  Spring. 
Sanhedrin. 

S 

X 

4 

149  46  9a*45 
96  96  59"43 
93  46  39  60 

4-027 
+0-46 
-h>-38 

aa'7a 
5989 
3998 

087 
0-86 
o'86 

X99  46  91*85 
a6  96  59*03 
a3  46  39  «a 

4819819 
0x14306 
9648769 
9*605506 

4-5«a887 
4'53963( 

x-48 

a*S9 
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On  the  direct  synthetical  method  of  adjusting  a  triangulation. 


No. 


Stations. 


Cold  Spring  to  Great  Caspar. 
Two  Rock. 
Cold  Spring. 
Great  Caspar. 


Two  Rock  to  Great  Caspar. 
Cold  Spring. 


/o 


5 

4 

9 


Observed 

angles. 


74  3«  o«'64 
35  40  a7*7a 
69  47  3a'6a 


198 


Correc- 
tion. 

SpherM 
angles. 

Spher'l 
excess. 

-H>'59 
-0-38 

+0*03 

03*33 

a7*34 
33-65 

'  074 
074 
074 

a'aa 

Plane 
angles. 


74  33  01-49 
35  40  36*60 
69  47  31 '9« 


Loga> 
rithms. 


4*5944*' 
o'oz6o9o 

9'76539« 
9*973400 


4*37«a78 
4589889 


Cold  Spring  to  Cahto. 
xo    Two  Rock. 
Cold  Spring. 
Cahto. 


Two  Rock  to  Cahto. 

Cold  Spring. 


5 

4 
3 


153  »x  39*69 
13  44  33  08 
»3  53  50  8s 


+0-70 
—038 
4-x'68 


596a 


3048 
3370 

5853 


057 
057 
057 


171 


153  9Z  99*91 

»3  44  3»'«3 
«3  S3  57'96 


4868743 
0*333538 

9375763 
9380606 


4578044 
4583887 


Great  Caspar  to  Sanhednn. 
II     Paxton. 

Great  Caspar. 
Sanhednn. 


Paxton  to  Sanhedrin. 

Great  Caspar. 


6 

9 
I 


80  49 
59  51 
46  95 


«5"54 

56' 13 

5«5« 


t^M 


— o  10 


3«7 


i6*47 
56*97 

5x-4« 


r6i 
I '6a 
x'63 


80  4a  1486 

5a  51  55  35 
46  35  49  79 


•4-85 


4'757ia3 
0005741 
9-901578 
9*860063 


4-66444* 
4*633936 


Cold  Spring  to  Sanhedrin. 
19     Paxton. 

Cold  Spring. 
Sandhedrin. 


Paxton  to  Sanhedrin. 
Cold  Spring. 


Two  Rock  to  Sanhedrin. 
13     Paxton. 
Two  Rock. 
Sanhedrin. 


Paxton  to  Sanhedrin. 
Two  Rock. 


6 

4 
I 


148  91  5156 
31  30  57*30 
10  07  11*39 


015 


+109 

-foM 
—0*10 


5965 

57'4a 
1139 


0*46 

o'45 
045 


x-36 


Z48  31  53*19 

ai  30  56  97 
10  07  1084 


6 
5 


48  91  19*08 

95  04  3''4« 
36  34  10*89 


«*3« 


-0*38 
+0*36 


30  31 

3>  03 
ii'iS 


0*81 
080 
o'8i 


3*49 


48  31  19*40 

95  04  30*23 
36  34  «o'37 


4*8198x9 
0380943 
9*564380 

9«*4784 


4*664449 
4344846 


4'53963» 
0*136516 

9998394 
9775099 


4-664441 
4*441346 


Cold  Sprins  to  Great  Caspar. 
14     Paxton. 

Cold  Spring. 
Great  Caspar. 


Paxton  to  Great  Caspar. 
Cold  Spring. 


6 

4 


67 

^ 

360a 

-fo*i6 

3618 

80 

04'5a 

-H>*33 

<H74 

91*96 

3X 

33 

39  IX 

—  0*85 

••6s 

0*73 

0*79 

073 


67  39 
8058 


31 


3545 
5a  04*09 
93  90*53 


«-i8 


Great  Caspa^to  Two  Bock. 
15     Paxton. 

Great  Caspar. 
Two  Rock. 


Paxton  to  Two  Rock. 

Great  Caspar. 


6 

9 

S 


Cold  Spring  to  Two  Rock. 
16     Paxton. 
Cold  Spring. 
Two  Rock. 


Paxton  to  Two  Rock. 
Cold  Spring. 


6 
4 
5 


39  90  56*46 

38  95  10*51 

109  13  59*68 


5965 


100  00  39*48 
45  »7  36  80 
34  4«  6»  04 


039 


—0*90 
+088 

-f  I  94 


56*96 
xx*39 
53*9a 


0*59 
053 

053 


«'57 


33  90  55*74 
38  35  X087 

'09  »3  5339 


—0*04 
-4-o'6o 

+0-65 


3a'44 
37^40 

5169 

0-51 
0-5X 
0*51 

«*53 

xoo  00  31*93 
45  X7  3689 
34  41  51*18 


4594460 
0033885 

9994581 
9716503 


4*699096 
4*344847 


4376977 
0*97x588 

9*793383 
9'975o69 


4'44'948 
4-699997 


4*589888 
0*006660 
9-851699 

9*755a99 


4'44xa47 
4'344847 
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It  is  to  be  noticed  that  the  indirect  method  leads  to  ten  normal  equa- 
tions, while  we  had  only  four. 
A  second  example  is  the  following: 


iA/rx' 


9KM0ST0M 


3Mii3ei4 


N.  B. — Heavy  lines  fixed. 
1.  Quadrilateral  .  2-5-3-1 


Base  angles  2$  and  5s.] 


r5,., 

=  [5..,]  - 
== [2.,]  - 
=  [1«]  - 

o   /     // 

88  05  45-9  =  - 
72  50  07-1  = 
19  03  56-6  =  - 

-6,  +  6, 

2» 
-  2»  +  5,  - 

•  6,  +  10"-4 

• 

■  49-6 

o    /    // 

«2„ 
f?5„ 

=  [2.,1  - 
=  [5„]  - 
=  [3„]  - 

128  34  52-3  = 
36  56  55-9  = 
14  28  19-1  = 

-2. 

-  5,  +  6, 

2»  +  5, 

-6. 

—  7"-3 

07-3 

o   /     // 

- 

fj5,., 

=  [5,..]  - 
=  [3...]  - 

=  [!«]  - 

125  02  41.8  = 

26  28  31-9  = 

.  28  28  43-2  := 

-  6,  +  5,  +  {- 
2»  +  5i  -  5» 
-2,  +  6,-6, 

-  6,  +  60 
+  10"-4 

Side  equation  (2).  1.  5.  3. 


56-9 


log  2-3  =  3-4315930 

log  sin  [5,.,]  =  9-9997630  +    0-7  (• 
log  sin  [3,  J      9-3977178  +  81-6  ( 


2.  +  5^  -  60 


log  1-2 

log  sin  [I5,] 
log  sin  [53  J 


2-8290738 

3-5359530 
9-5141493  +  60-9  ( 
9-7789481  +  28-0  ( 

2-8290504 


2»  +  6.  -  60 
5,  +  50 


0  =  +  234 
6,  +  5,  =  r5,.8 

^53.1  : 
t?3j.a 

v3i^ 


+  142-6  (20  +  61-6  (-  5,  +  60  -  109-6  {-  6,  +  5.) 
+  1-301  (20  +  0-562  (-  5,  +  60  +  2-135 
+  1-301  (20  +  1-562  (-  5,  +  50  +  2-135 
-  0-301  (20  -  0-562  (-  5,  +  50  -  9-436 
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On  the  direct  synthetical  method  of  adjusting  a  triangulation, 
2.  Quadrilateral  .  2.  5.  4.  1 

o        /  // 


t?5,.4 

=  [5,.J  - 

93  21  23-6  =  - 

-5, +  5. 

• 

t?2,^ 

=  [2„]  - 

78  02  67-2  == 

2» 

«45, 

• 

=  [*"]  - 

8  35  341  =  - 
54-9 

o           1             II 

-  2»  +  6»  - 

-  5,  +  51 

»5,.. 

=  [5,.]  - 

5  15  37-7  = 

-  5.  +  64 

• 

el44 

=  [1«.]  - 

170  31  18-2  = 

2.-6, 

+  6,  - 10-4 

«4,, 

=  lK^]  - 

4  13  09-4  = 

-2. +  5. 

-5,+   6-1 

05-3 


Side  equation  0.  2.  4.  5 


log  44 

log  sin  [5, ,] 
log  Bin  [44.J 


log  1-2 

log  sin  [2,  J 
lofe  sin  [5,  J 


3-6121090 

9-9997630  +  0-7  (-  5,  +  §0 

8-8668684  +  285-3  (-.2^  +  5, 

2-4787404 

3-5359530 

:  9-9802127  +  6-6  (2,) 
;  8-9622918  +  228-7  (-  5,  +  5*) 

2-4784575 


-5^ 


0  =  +  2829 
=  +  2829 

5,  -|-  5a  :=  V5f.^  := 
V5,,  = 

v4^'i  = 


292-0  [2,] 

)  +  229-4  ( 

2920  (2j] 

1  +  229-4  ( 

0-568  (2,) 

1  +  0-446  ( 

0-568  (2,; 

)  —  0-554  ( 

0-432  (2,; 

)  -  0-446  ( 

0-432  (2,; 

)  —  0-446  ( 

(5,)  +  284-8  (5,)  -  514-2  {6«) 
(-  5,  +  6.)  -  514-2  (-  5,  +  6«) 
(_  5,  +  6,)  +  5-617 
(-  6,  +  5.)  +  5-517 
(-5, +  5,) -0-417 
(_  5,  +  5,)  -  0-417  ■ 


O  /  // 

t?5,.4  =  [5,4]  -  130  18  19-5  =  . 

f?3„  =  [3^ J  -    34  08  29-0  = 

f?45,  :=  [4„]  -    15  33  13-7  =  -  2,  +  6,  - 


6, +  54 

2* +  53 


6,  -  7-3 
5*  +  6-1 


02-2 


f?6,.4  =  +  0-733  (2,)  +  1-008  ( 
vS,^  =  -  0-301  (2e,)  -  0-562  ( 
v^^  =  ~  0-432  (24)  -  0-446  (- 


5,  +  6|)  +  7-662 

6,  +  50  -  9-436 
5,  +  5|)  -  0-417 
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OhservaHan  equaii4m». 


p 

V 

*% 

-5t-h5i 

> 

I 

V 

a« 

-St+5i 

l6.9 

• 

— I 

— I 

-fiO'4 

4«-i 

—0-432 

—0-446 

—0-417 

l6*S 

— I 

—I 

+10-4 

I 

4«*8 

—0-432 

— 0*446 

—0-417 

I4.6 

4-1 

+  1 

— IO-4 

I 

46.a 

-0-432 

— 0*446 

—0-417 

2l.5 

+1 

o-s 

5..1 

+  1 

26.3 

—I 

0-5 

5«.» 

-\-i'ZO\ 

+0-562 

+2135 

24.ft 

■fl 

• 

0-5 

5»-i 

-fi-30i 

+  1-562 

+2-I3S 

5s«6 

—0-301 

— 0-562 

—9.435 

o-s 

5|.4 

—0.568 

-OSS4 

+5-517 

3l*6 

—0-301 

— 0-562 

.  —9435 

0-5 

5aH 

—0-568 

+0446 

+5S"7 

34.6 

-0-301 

— 0-562 

-9-435 

0-5 

53.4 

+0-733 

4- 1008 

+7S52 

l^onMX  agMattOM. 


0 
0 


-  19-74  +  9-12  (2,)  +  6-86  (-  6,  +-  5,) 

—  8-91  +  6-86  (2,)  +  7-20  (-  5,  +-  S^) 


2.  =  +  2-vS7 


—  6,  +-  6,  =  —  1-00 


CampaH«oii  of  iik%  Tt%ulU  by  the  ayniheiio  method  and  by  ths  method  of  correlatee. 


By  synthetic  method. 

By  correlates. 

By  synthetic  method. 

By  correlates. 

//     • 

// 

// 

// 

Is** 

+8-5 

+8*9 

4«-i 

— 1-2 

— 0-9 

Ift«3 

+8-5 

+8-9 

4«'« 

— 1-2 

—0-9 

l4«6 

-8-5 

—8-9 

4&.S 

— 1-2 

— 0-9 

I|.6 

4-2-9 

4-2-8 

5*-i 

— i-o 

—1-3 

25.3 

— 2-9 

—2-8 

5».» 

+5-3 

4-4-8 

24.S 

+2-9 

4-2-8 

58-i 

+4-3 

+3'4 

3s*5 

—97 

— 9-2 

5l.4 

+4*4 

4-4-6 

3l*6 

—97 

— 9-2 

5«.4 

+3-4 

+3*2 

34>6 

—97 

—  9*2 

5s<4 

4-8-7 

+7*9 

I  conclude  by  giving  a  sammary  of  the  claims  in  favor  of  the  direct 
synthetical  method  of  adjustment: 

1.  It  is  impossible  to  omit  or  duplicate  conditions. 

2.  It  becomes  the  more  systematic  the  more  complete  the  triangu- 
lation. 

3.  It  leads  to  fewer  normal  equations  in  strong  triangulations. 

4.  These  require  far  less  precision  in  their  formation  and  solution 
than  those  for  the  indirect  method. 

5.  Joining  new  points  to  a  number  of  fixed  points,  the  number  of 
normal  equations  is  independent  of  the  numbfar  of  fixed  points. 


^ 


r 


I 


